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TITLE 

Amidinophenyl-Pyrrolidines, -Pyrrolines, and -Isoxazolidines 

and Derivatives Thereof 

5 

FIELD OF THE INVENTION 
This invention relates generally to amidinophenyl 
pyrrolidines, -pyrrolines, and -isoxazolidines and 
derivatives which are inhibitors of trypsin- like serine 
0 protease enzymes, especially factor Xa, pharmaceutical 

compositions containing the same, and methods of using the 
same as anticoagulant agents for treatment and prevention of 
thromboembolic disorders. 

5 QACKGRQUND OF THE INVEH1IQM 

Himmelsbach et al in CA 2,054,850 discuss aggregation 
inhibiting compounds of the formula: 

B-X-A-Y-E 

wherein A may be a cyclic imino such as pyrrolidine and 
0 amidst the various definitions of B and X one can find 
amidino and arylene listed. The combination of Y-E, 
however, is not considered to be useful for the present 
invention. Thus, the compounds of Himmelsbach et al differ 
from those of the present invention. Moreover, inhibition 
5 of factor Xa is not discussed in Himmelsbach et al as a use 
for the compounds of the above formula. 

In U.S. Patent No. 5,463,071, Himmelsbach et al depict 
cell aggregation inhibitors which are 5-membered 
heterocycles of the formula: 

X < Xs 

0 X3— x 4 

wherein the heterocycle is other than pyrroline and 
pyrrolidine and groups A-B-C- and F-E-D- are attached to the 
ring system. A-B-C- can be a wide variety of substituents 
5 including a basic group attached to an aromatic ring. The 
F-E-D- group, however, would appear to be an acidic 
functionality which differs from the present invention. 
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Furthermore, use of these compounds as inhibitors of factor 
Xa is not discussed. 

Activated factor Xa, whose major practical role is the 
generation of thrombin by the limited proteolysis of 
5 prothrombin, holds a central position that links the 

intrinsic and extrinsic activation mechanisms in the final 
common pathway of blood coagulation. The generation of 
thrombin, the final serine protease in the pathway to 
generate a fibrin clot, from its precursor is amplified by 

10 formation of prothrombinase complex (factor Xa, factor V, 
Ca 2+ and phospholipid) . Since it is calculated that one 
molecule of factor Xa can generate 138 molecules of thrombin 
(Elodi, S., Varadi, K. : Optimization of conditions for the 
catalytic effect of the factor IXa-factor VIII Complex: 

15 Probable role of the complex in the amplification of blood 
coagulation. Thromb. Res. 1979, 15, 617-629), inhibition of 
factor Xa may be more efficient than inactivation of 
thrombin in interrupting the blood coagulation system. 
Therefore, efficacious and specific inhibitors of 

20 factor Xa are needed as potentially valuable therapeutic 

agents for the treatment of thromboembolic disorders. It is 
thus desirable to discover new factor Xa inhibitors. 

SUMMARY OF THE INVENTION 

25 Accordingly, one object of the present invention is to 

provide novel amidino-phenylpyrrolidines and analogs thereof 
which are useful as factor Xa inhibitors or pharmaceutically 
acceptable salts or prodrugs thereof. 

It is another object of the present invention to 

30 provide pharmaceutical compositions comprising a 

pharmaceutically acceptable carrier and a therapeutically 
effective amount of at least one of the compounds of the 
present invention or a pharmaceutically acceptable salt or 
prodrug form thereof. 

35 it is another object of the present invention to 

provide a method for treating thromboembolic disorders 
comprising administering to a host in need of such treatment 
a therapeutically effective amount of at least one of the 
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compounds of the present invention or a pharmaceutical^ 
acceptable salt or prodrug form thereof. 

These and other objects, which will become apparent 
during the following detailed description, have been 
5 achieved by the inventors' discovery that compounds of 
formula (I) : 



D 

I 

10 or pharmaceutical^ acceptable salt or prodrug forms 

thereof, wherein A, B, D, D a , J, m, n, R, R a , R b and Z are 
defined below, are effective factor Xa inhibitors. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
15 [1] Thus, in a first embodiment, the present invention 
provides novel compounds of formula I: 



D 

I 

20 or a stereoisomer or pharmaceutical^ acceptable salt form 
thereof, wherein; 





|2 



25 



one of D and D' is selected from CN, C ( =NR 7 ) NR 8 R 9 , 

NHC(=NR 7 )NR8R9, NR8CH(=NR 7 ), C(0)NR 8 R 9 , and (CH 2 ) t NR 8 R 9 
and the other is H; 
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Z is selected from CH 2 , C=0, CH 2 C(0), C{0)0, CONK, CH 2 NH 2 , 
CH 2 0, S0 2 , and S0 2 NH; 

J 1 and J 2 are independently selected from O and CH 2 , provided 
5 that if J 1 is 0, then J 2 is CH 2 and if J 2 is 0, then J 1 

is CH 2 ; 

R is selected from C0 2 R 1 , COR 1 , OR 1 , NR 2 R 2a , CONR 2 R 2a , 
S(0) p R la ,and S(0)pNR 2 R 2a ; 

10 

R a is selected from H and C1-4 alkyl; 



R b is H; 



15 when J 1 and J 2 are CH 2 , then R a and R b can combine to form a 
bond; 



R 1 is selected from: 
H r 

20 C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, 
and S substituted with 0-2 R 4 ; 

25 

R la is selected from: 

C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
5-6 membered heterocyclic system containing from 1-4 
30 heteroatoms selected from the group consisting of N, O, 

and S substituted with 0-2 R 4 ; 

R 2 and R 2a are independently selected from H, C1-4 alkyl, and 
phenyl ; 

35 

R 2 and R 2a may be taken together to form a 5 or 6 membered 

ring substituted with 0-2 R 4 which may contain from 0-1 
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heteroatoms selected from the group consisting of N, 0, 
and S; 

R 2a may also be C3.-4 alkoxy; 

5 

R 3 is selected from: 

phenyl substituted with 0-2 R 4 , and 

5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, 
10 and S substituted with 0-2 R 4 ; 

A is selected from: 

C3-13 carbocyclic residue substituted with 0-2 R 4 , and 
5-10 membered heterocyclic system containing from 1-4 
15 heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 4 ; 

B is selected from: 

X-Y, NR 2 R 2a , C(=NR 2 )NR 2 R 2a , NR 2 C ( =NR 2 ) NR 2 R 2a , 
20 benzyl substituted with 0-2 R 4a , 

C3-10 carbocyclic residue substituted with 0-2 R 4a , and 
5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 4 , provided that B is other than 
25 tetrazol-5-yl; 

X is selected from C1-4 alkylene, -C(0)-, -C (0) CR 2 R 2a - , 
-CR 2 R 2a C(0), -S(0) p -, -S{0) p CR 2 R 2a -, -CR 2 R 2a S (0) p - , 
-S(0) 2 NR 2 -, -NR 2 S(0) 2 -, -NR 2 S{0) 2 CR 2 R 2a -, 
30 -CR 2 R 2a S(0) 2 NR 2 -, -NR 2 S (O) 2 NR 2 - , -C(0)NR 2 -, -NR 2 C{0)-, 

-C (0) NR 2 CR 2 R 2a - , -NR 2 C (0) CR 2 R 2a - , -CR 2 R 2a C (O)NR 2 - , 
-CR 2 R 2a NR 2 C<0)-, -NR 2 C(0)0-, -OC(0)NR 2 -, -NR 2 C (O)NR 2 - , 
-NR 2 - , -NR 2 CR 2 R 2a - , -CR 2 R 2a NR 2 - , 0, -CR 2 R 2a O- , -OCR 2 R 2a - / 
and S; 

35 

Y is selected from: 

C3-10 carbocyclic residue substituted with 0-2 R 4 , and 



5 
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10 



15 



5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, O, and 
S substituted with 0-2 R 4 , provided that Y is other than 
tetrazol-5-yl; 

R 4 is selected from OH, (CH 2 ) r OR 2 , halo, C1-4 alkyl, CN, N0 2 , 
(CH 2 ) r NR 2 R 2a , {CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0)NR 2 R 2a , 
CH(=NH)NH 2 , NHC(=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a ( NR 2 S0 2 - 
C1-4 alkyl, NR 2 S0 2 R 5 , S(0) p R la , and CF 3 ; 

R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
<CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0) NR 2 R 2a , CH(=NH)NH 2 , 
NHC (=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a ( NR 2 S0 2 -Ci- 4 alkyl, 
NR 2 S0 2 R 5 , S(0) p R la , and CF3; 



R 5 is selected from: 

C3-10 carbocyclic residue substituted with 0-2 R 6 , and 
5-10 membered heterocyclic system containing from 1-4 

heteroatoms selected from the group consisting of N, O, and 
20 S substituted with 0-2 R 6 ; 

R 6 is selected from H, OH, (CH 2 ) r OR 2 , halo, Ci- 4 alkyl, CN, 
N0 2 , ( CH 2 ) r NR 2 R 2a , ( CH 2 ) r C { O ) R 2 , NR 2 C(0)R 2a , 
NR 2 C(0)NR 2 R 2a , CH(=NH)NH 2 , NHC ( =NH ) NH 2 , S0 2 NR 2 R 2a , 
25 NR 2 S0 2 NR 2 R 2a , and NR 2 S0 2 Ci_ 4 alkyl; 

R 7 is selected from H, OH, Ci-e alkyl , C3.-6 alkylcarbonyl , Ci- 
6 alkoxy, C1-4 alkoxycarbonyl, C6-10 aryloxy, C6-10 
aryloxycarbonyl , C6-10 arylmethylcarbonyl , C1-4 
30 alkylcarbonyloxy C1-4 alkoxycarbonyl, Ce-io 

arylcarbonyloxy C1-4 alkoxycarbonyl, Ci-e 
alkylaminocarbonyl , phenylaminocarbonyl , and phenyl C3-4 
alkoxycarbonyl ; 

35 R 8 is selected from H, Ci_ 6 alkyl and (CH 2 ) n -phenyl; 
R 9 is selected from H, Ci_ 6 alkyl and { CH 2 ) n -phenyl ; 



6 
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n is selected from 0, 1, 2, and 3; 
m is selected from 0, 1, and 2; 
5 p is selected from 0, 1, and 2; and, 
r is selected from 0, 1, and 2; 

provided that if B is tetrazolyl, R 4 is present. 

10 

[2] In a preferred embodiment, the present invention 
provides novel compounds of formula la: 



or a stereoisomer or pharmaceutically acceptable salt form 
thereof , wherein ; 

Z is selected from CH 2 , C=0, C(O)0, and SO2 . 

20 

[3] In a more preferred embodiment, the present invention 
provides compounds of formula la wherein; 

25 one of D and D' is C(=NR 7 )NH2 and the other is H; 

B is selected from: 
X-Y, NR 2 R 2a , 

benzyl substituted with 0-2 R 4a , 
30 C3-10 carbocyclic residue substituted with 0-2 R 4a , and 

5-10 member ed heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 




15 



la 



7 
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S substituted with 0-2 R 4 , provided that B is other than 
tetrazol-5-yl; 

X is selected from C1-4 alkylene, -C(O)-, -C (0) CR 2 R 2a - , 
5 -CR 2 R 2a C{0), -S(0) p -, -S(0) p CR 2 R 2a -, -CR 2 R 2a S (0) p - , 

-S(0) 2 NR 2 -, -NR 2 S(0) 2 -, -C(0)NR 2 -, -NR 2 C(0)-, -NR 2 -, 
-NR 2 CR 2 R 2a -, -CR 2 R 2a NR 2 - , 0, -CR 2 R 2a O- , and -0CR 2 R 2a - ; 

R 4 is selected from OH, (CH 2 ) r OR 2 , halo, C1-4 alkyl r CN, N0 2 , 
10 (CH2 ) r NR 2 R 2a , (CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0)NR 2 R 2a , 

CH(=NH)NH 2/ NHC(=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 - 
Ci- 4 alkyl, S(0) p R la , and CF3; 

R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
15 (CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (O) NR 2 R 2a , CH<=NH)NH 2 , 

NHC (=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 -Ci_ 4 alkyl, 
S(0) p R la , and CF 3 ; and, 



20 



n is selected from 0 and 1 . 

[4] In an even more preferred embodiment, the present 
invention provides compounds of formula II: 

.1- 




-NH 2 
NH 

25 II 

or a stereoisomer or pharmaceutically acceptable salt form 
thereof, wherein; 

R is selected from CO2R 1 , COR 1 , OR 1 , CONR 2 R 2a , S(0) p R la ,and 
30 S(0)pNR 2 R 2a ; 



R 1 and R la are independently selected from: 

8 
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C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
5-6 merabered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, 
5 and S substituted with 0-2 R 4 ; 

X is selected from C1-4 alkylene, -C(0)-, -S(0) p -, -NR 2 -, and 
0; and, 

10 m is selected from 0 and 1. 



[5] In a further preferred embodiment, the present 
invention provides compounds of formula II wherein; 

15 R is selected from CO2R 1 , COR 1 , OR 1 , and CONR 2 R 2a ; 

R 1 and R la are independently selected from: 
C1-4 alkyl substituted with 0-1 R 3 , and 
C3-6 carbocyclic residue substituted with 0-2 R 4 ; and, 

20 

R 2 and R 2a may be taken together to form a 5 or 6 membered 
ring substituted with 0-2 R 4 . 

[6] In a still further preferred embodiment, the present 
25 invention provides compounds of formula II wherein; 



R a is selected from H and C1-4 alkyl; 



R 1 and.R la are independently selected from C1-4 alkyl 
30 substituted with 0-1 R 3 ; 



R 3 is phenyl substituted with 0-2 R 4 ; and, 



Y is a C3-10 carbocyclic residue substituted with 0-2 R 4 . 

35 

[7] Specifically preferred compounds of this invention are 
compounds, or pharmaceutical^ acceptable salt forms thereof, 
selected from the group consisting of: 

9 
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trans -1- (4-amidinophenyl)methyl-3-carbomethoxy-4- (3- 
amidinophenyl ) pyrrolidine ; 

5 trans- 1- [ (2 1 -aminosulfonyl- [1 , 1 ' ] -biphenyl-4-yl> methyl) -3- 
carbomethoxy-4- (3-amidinophenyl) pyrrolidine; 

(3S, 4;?)-l-[{2' -aminosulfonyl - [1,1'] -biphenyl-4-yl) methyl] - 3 
carbomethoxy- 4 - ( 3-amidinophenyl ) pyrrolidine ; 

10 

(3fl,4S) -1- [ (2 ' -aminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) methyl] -3 
carbomethoxy-4- ( 3 -amidinophenyl ) pyrrolidine; 

trans- 1- [ (2 ' -aminosulfonyl- [1, 1 ' ) -biphenyl-4-yl) methyl] -4- { 
15 amidinophenyl )pyrrolidin-3-ylcarboxylic acid 

trans- 1- [ (2 • -aminosulfonyl - [1, 1 ' ] -biphenyl- 4 -yl) methyl] -4- ( 
amidinophenyl) pyrrolidin-3-ylcarboxylic amide 

20 trans- 1- [ (2 ' -aminosulfonyl - [1 , 1 ' ] -biphenyl-4-yl) methyl] - 4- ( 
amidinophenyl) pyrrol idin-3-ylcarboxylic N,N-dimethylamide 

cis-1- [ (2 ' -aminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) methyl) -3- 
carbomethoxy-4 - ( 3 -amidinophenyl ) pyrrolidine ; 

25 

cis-1- [ (2 * -aminosulfonyl- [1, 1 ' ) -biphenyl -4 -yl) methyl] -4- (3- 
amidinophenyl ) pyrrolidin- 3 -ylcarboxylic acid 

trans-1- [ (2 ' -aminosulf onyl- {1, 1 ' ] -biphenyl -4 -yl) methyl] -3- 
30 carboisopropoxy-4- (3 -amidinophenyl) pyrrolidine; 

trans-1- [ {2 ■ -aminosulf onyl- [ 1, 1 ■ ] -biphenyl- 4 -yl) methyl] -3- 
carbobutoxy- 4 - ( 3 -amidinophenyl ) pyrrol idine ; 

35 trans-1- [ (2 1 -aminosulfonyl - [1, 1 ' ] -biphenyl -4 -yl) methyl] - 3- 
4- (3 -amidinophenyl) pyrrolidine; 



10 
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trans- 1- [ (2 * -aminosulf onyl- [1,1'] -biphenyl -4 -yl) methyl] -3- 
carboe thoxy- 3 -methyl - 4 - { 3 -amidinopheny 1 ) pyr r o 1 idine ; 

trans-1- [ [2- ( 2 -cyan ophenylthio) phenyl ] carbonyl] -3-carbomethoxy-4- 
5 ( 3 -amidinopheny 1 ) pyrrolidine ; 

trans- 1- [ [2- ( 2 -cyanophenylthio) phenyl] methyl] -3-carbomethoxy-4- (3- 
amidinophenyl ) pyrrolidine ; 

10 trans- 1- [ (2 1 -aminosulf onyl - [1, 1 ' ] -biphenyl-4-yl) sulf onyl] - 3- 
carbomethoxy-4- { 3 -amidinopheny 1 ) pyrrolidine ; 

trans-1- [ (2-' -aminosulf onyl- [1, 1 ' ] -biphenyl-4-yl) sulfonyl] -3- 
carboisopropoxy-4 - ( 3 - amidinopheny 1 ) pyrrolidine ; 

15 

trans- 1- [9-f luorenylmethoxycarbonyl] - 3 -carbomethoxy- 4 - (3- 
amidinophenyl ) pyrrolidine ; 

trans-2-benzyl-4-carbomethoxy-5- (3-amidinophenyl) isoxazolidine; 

20 

trans-2- [ (2 ■ -aminosulf onyl- [1, 1 ' ] -biphenyl -4 -yl) methyl] -4- 
carbomethoxy-5- (3-amidinophenyl) isoxazolidine; 

trans-2- [ (2 • -aminosulf onyl- [1, 1 ' ] -biphenyl -4 -yl )methyl] -4- 
25 carboisopropoxy-5- (3-amidinophenyl) isoxazolidine; and, 

trans-2- [ (2 ' -aminosulf onyl - [1, 1 ' ] -biphenyl -4 -yl ) methyl] -4- 
methoxymethyl-5- (3-amidinophenyl) isoxazolidine. 

30 [8] In another preferred embodiment, the present invention 
provides novel compounds of formula lb: 



11 
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R 




lb 

or a stereoisomer or pharmaceutical!]/ acceptable salt form 
thereof, wherein; 

5 

[9] In another more preferred embodiment, the present 
invention provides compounds of formula lb wherein; 

one of D and D' is C(=NR 7 )NH2 and the other is H; 

10 

B is selected from: 
X-Y, NR 2 R 2a , 

benzyl substituted with 0-2 R 4a , 

C3-10 carbocyclic residue substituted with 0-2 R 4a , and 
15 5-10 membered heterocyclic system containing from 1-4 

heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 4 , provided that B is other than 
tetrazol-5-yl; 

20 X is selected from C1-4 alkylene, -C(O)-, -C (0) CR 2 R 2a - , 
-CR 2 R 2a C<0), -S(0) p -, -S<0) p CR 2 R 2a -, -CR 2 R 2a S (O) p - , 
-S(0) 2 NR 2 -, -NR 2 S<0) 2 -, -C(0)NR 2 -, -NR 2 C(0)-, -NR 2 - , 
-NR 2 CR 2 R 2a - , -CR 2 R 2a NR 2 -, 0, -CR 2 R 2a O-, and -OCR 2 R 2a -; 

25 R 4 is selected from OH, (CH 2 ) r OR 2 , halo, C1-4 alkyl, CN, N0 2 , 
(CH 2 ) r NR 2 R 2a , <CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0)NR 2 R 2a , 
CH(=NH)NH 2 , NHC (=NH) NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 - 
C1-4 alkyl, S(0) p R la , and CF 3 ; 

30 R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
(CH 2 ) r C(0)R 2 , NR2 C (0)R 2a , NR 2 C (0)NR2 R 2a ; CH(=NH)NH 2 , 



12 
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5 



NHC(=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 -C 1 _ 4 alkyl, 
S(0) p R la , and CF 3 ; and, 

n is selected from 0 and 1. 

[10] In another even more preferred embodiment, the present 
invention provides compounds of formula Ila: 



m R b 




10 Ila 

or a stereoisomer or pharmaceutically acceptable salt form 
thereof, wherein; 

R is selected from C0 2 R x , COR 1 , OR 1 , CONR 2 R 2a , S(0) p R la ,and 
15 S(0)pNR 2 R 2a ; 

R 1 and R la are independently selected from: 
Ci-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
20 5-6 membered heterocyclic system containing from 1-4 

heteroatoms selected from the group consisting of N, O, 
and S substituted with 0-2 R 4 ; 

X is selected from C1-4 alkylene, -C{0)-, -S(0) p -, -NR 2 -, and 
25 0; and, 

m is selected from 0 and 1. 

[11] In another further preferred embodiment, the present 
30 invention provides compounds of formula Ila wherein; 
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R is selected from CO2R 1 . COR 1 , OR 1 , and CONR 2 R 2a ; 

R 1 and R la are independently selected from: 
C1-4 alkyl substituted with 0-1 R 3 , and 
5 C3-6 carbocyclic residue substituted with 0-2 R 4 ; and, 

R 2 and R 2a may be taken together to form a 5 or 6 membered 
ring substituted with 0-2 R 4 . 

10 [12] In another still further preferred embodiment, the 

present invention provides compounds of formula Ila wherein; 

R 1 and R la are independently selected from C1-4 alkyl 
substituted with 0-1 R 3 ; 

15 

R 3 is phenyl substituted with 0-2 R 4 ; and, 

Y is a C3-10 carbocyclic residue substituted with 0-2 R 4 . 

20 (13) Additional specifically preferred compounds of the 
present invention are compounds, or pharmaceutically 
acceptable salt forms thereof, selected from the group 
consisting of: 

25 trans-1- (methylsulf onyl ) -3- ( [2 1 -aminosulf onyl- [1, 1 ■ ] - 

biphenyl -4 -yl) aminocarbonyl) -4- ( 3 -amidinophenyl) pyrrolidine; 

trans-1- (methylsulf onyl) -3- ( [2 1 - tert-butylaminosulf onyl- 
[1,1'] -biphenyl -4 -yl ) aminocarbonyl ) -4 - ( 3 - 
3 0 amidinophenyl ) pyrrol idine ; 

cis-1- (methylsulf onyl) -3 - ( [2 ' -aminosulf onyl - [1,1'] -biphenyl - 
4-yl) aminocarbonyl) -4- (3 -amidinophenyl) pyrrolidine; 

35 trans- 1- (methylsulf onyl) -3- [ [5- (2 ' -aminosulf onylphenyl- 1- 
yl)pyridin-2-yl] aminocarbonyl] -4- (3- 
amidinophenyl ) pyrrolidine ; 

14 
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trans- 1- (methylsulf onyl) -3- [ [5- (2 ■ - tert- 

butyiaminosulf onyiphenyl - 1 -yl ) pyr idin-2 -y 1 ] aminocarbonyl ] - 4 - 
( 3 -amidinophenyl ) pyrrol idine ; 

5 1- (methylsulfonyl) -3 - ( (2 ' -aminosulf onyl- [1,1'] -biphenyl-4- 
yl) aminocarbonyl) -4- (3 -amidinophenyl) -A 3 -pyrrol ine; 

1- (benzyl) -3- ( [2 ' -aminosulf onyl- [ 1, 1 * ] -biphenyl-4- 
yl ) aminocarbonyl ) -4- ( 3 -amidinophenyl ) -A 3 -pyrroline ; 

10 

trans- 1- (methylsulfonyl) -3- ( [2 ' - aminosulf onyl - [1 , 1 ' ] - 
biphenyl-4-yl)methylcarbonyl) -4 - (3- 
amidinophenyl ) pyrrol idine . 

15 In a second embodiment, the present invention provides 

novel pharmaceutical compositions, comprising: a 
pharmaceutically acceptable carrier and a therapeutically 
effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or prodrug form thereof. 

20 

In a third embodiment, the present invention provides a 
novel method for treating or preventing a thromboembolic 
disorder, comprising: administering to a patient in need 
thereof a therapeutically effective amount of a compound of 
25 formula (I) or a pharmaceutically acceptable salt or prodrug 
form thereof . 

DEFINITIONS 

The compounds herein described may have asymmetric 
30 centers. Compounds of the present invention containing an 
asymmetrically substituted atom may be isolated in optically 
active or racemic forms. It is well known in the art how to 
prepare optically active forms, such as by resolution of 
racemic forms or by synthesis from optically active starting 
35 materials. Many geometric isomers of olefins, C=N double 
bonds, and the like can also be present in the compounds 
described herein, and all such stable isomers are 
contemplated in the present invention. Cis and trans 

15 
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geometric isomers of the compounds of the present invention 
are described and may be isolated as a mixture of isomers or 
as separated isomeric forms. All chiral, diastereomeric, 
racemic forms and all geometric isomeric forms of a 
5 structure are intended, unless the specific stereochemistry 
or isomeric form is specifically indicated. 

The term "substituted," as used herein, means that any 
one or more hydrogens on the designated atom is replaced 
with a selection from the indicated group, provided that the 
10 designated atom's normal valency is not exceeded, and that 
the substitution results in a stable compound. When a 
substitent is keto (i.e., =0), then 2 hydrogens on the atom 
are replaced. 

When any variable (e.g., R 6 ) occurs more than one time 
15 in any constituent or formula for a compound, its definition 
at each occurrence is independent of its definition at every 
other occurrence. Thus, for example, if a group is shown to 
be substituted with 0-2 R 6 , then said group may optionally 
be substituted with up to two R 6 groups and R 6 at each 
20 occurrence is selected independently from the definition of 
R 6 . Also, combinations of substituents and/or variables are 
permissible only if such combinations result in stable 
compounds . 

When a bond to a substituent is shown to cross a bond 
25 connecting two atoms in a ring, then such substituent may be 
bonded to any atom on the ring. When a substituent is 
listed without indicating the atom via which such 
substituent is bonded to the rest of the compound of a given 
formula, then such substituent may be bonded via any atom in 
30 such substituent. Combinations of substituents and/or 

variables are permissible only if such combinations result 
in stable compounds . 

As used herein, "Ci_6 alkyl" .is intended to include both 
branched and straight-chain saturated aliphatic hydrocarbon 
35 groups having the specified number of carbon atoms, examples 
of which include, but are not limited to, methyl, ethyl, 
n-propyl, i -propyl, n-butyl, i -butyl, sec -butyl, t-butyi, 
pentyl, and hexyl; "Alkenyl" is intended to include 

16 
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hydrocarbon chains of either a straight or branched 
configuration and one or more unsaturated carbon-carbon 
bonds which may occur in any stable point along the chain, 
such as ethenyl, propenyl, and the like. 
5 "Halo" or "halogen" as used herein refers to fluoro, 

chloro, bromo, and iodo; and "counter ion" is used to 
represent a small, negatively charged species such as 
chloride, bromide, hydroxide, acetate, sulfate, and the 
like. 

10 As used herein, "carbocycle" or "carbocyclic residue" 

is intended to mean any stable 3- to 7 -membered monocyclic 
or bicyclic or 7- to 13 -membered bicyclic or tricyclic, any 
of which may be saturated, partially unsaturated, or 
aromatic. Examples of such carbocycles include, but are not 

15 limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, adamantyl, cyclooctyl, ; 
[3.3.0] bicyclooc tane , [4.3.0] bicyclononane , 
[4.4.0] bicyclodecane (decalin) , [2.2.2] bicyclooctane , 
fluorenyl, phenyl, naphthyl, indanyl, adamantyl, or 

20 tetrahydronaphthyl (tetralin) . 

As used herein, the term "heterocycle" or "heterocyclic 
system" is intended to mean a stable 5- to 7- membered 
monocyclic or bicyclic or 7- to 10-membered bicyclic 
heterocyclic ring which is saturated partially unsaturated 

25 or unsaturated (aromatic) , and which consists of carbon 
atoms and from 1 to 4 heteroatoms independently selected 
from the group consisting of N, O and S and including any 
bicyclic group in which any of the above-defined 
heterocyclic rings is fused to a benzene ring. The nitrogen 

30 and sulfur heteroatoms may optionally be oxidized. The 
heterocyclic ring may be attached to its pendant group at 
any heteroatom or carbon atom which results in a stable 
structure. The heterocyclic rings described herein may be 
substituted on carbon or on a nitrogen atom if the resulting 

35 compound is stable. If specifically noted, a nitrogen in 
the heterocycle may optionally be quaternized. It is 
preferred that when the total number of S and 0 atoms in the 
heterocycle exceeds 1, then these heteroatoms are not 

17 
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adjacent to one another. As used herein, the term * aromatic 
heterocyclic system" is intended to mean a stable 5- to 7- 
membered monocyclic or bicyclic or 7- to 10-membered 
bicyclic heterocyclic aromatic ring which consists of carbon 
5 atoms and from 1 to 4 heterotams independently selected from 
the group consisting of N, 0 and S. It is preferred that 
the total number of S and 0 atoms in the aromatic 
heterocycle is not more than 1. 

Examples of heterocycles include, but are not limited 
10 to, IH-indazole, 2-pyrrolidonyl, 2H, 6H-1 , 5. 2-dithiazinyl, 
2H-pyrrolyl, 3H-indolyl, 4-piperidonyl, 4aH-carbazole, 4H- 
quinolizinyl, 6H-1,2, 5-thiadiazinyl , acridinyl, azocinyl, 
benzimidazolyl , benzofuranyl , benzothiofuranyl, 
benzothiophenyl , benzoxazolyl, benzthiazolyl, benztriazolyl, 
15 benztetrazolyl, benzisoxazolyl, benzisothiazolyl , 

benzimidazalonyl, carbazolyl, 4aH-carbazolyl, p-carbolinyl , 
chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 
2H, 6H-1. 5 , 2-dithiazinyl, dihydrofuro [2 , 3-b] tetrahydrofuran, 
furanyl, furazanyl, imidazolidinyl, imidazolinyl , 
20 imidazolyl, IH-indazolyl, indolenyl, indolinyl, indolizinyl, 
indolyl, isobenzofuranyl , isochromanyl , isoindazolyl, 
isoindolinyl, isoindolyl, isoquinolinyl (benzimidazolyl) , 
isothiazolyl , isoxazolyl , morpholinyl , naphthyridinyl , 
octahydroisoquinolinyl , oxadiazolyl , 1,2,3 -oxadiazolyl , 
25 1,2, 4 -oxadiazolyl, 1 , 2 , 5 -oxadiazolyl , 1 , 3 , 4 -oxadiazolyl , 
oxazolidinyl . , oxazolyl , oxazolidinylperimidinyl , 
phenanthridinyl , phenanthrolinyl , phenarsazinyl , phenazinyl, 
phenothiazinyl, phenoxathiinyl , phenoxazinyl, phthalazinyl , 
piperazinyl, piper idinyl, pteridinyl, 4-piperidonyl, 
30 pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazol idinyl , 
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, 
pyrido imidazole, pyridothiazole, pyridinyl, pyridyl, 
pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, 
quinazolinyl, quinolinyl, 4tf-quinolizinyl , quinoxalinyl , 
35 quinucl idinyl, carbolinyl, tetrahydrofuranyl , 

tetrahydroisoquinolinyl , tetrahydroquinolinyl , 6H-1 , 2,5- 
thiadiazinyl, 1 , 2 , 3-thiadiazolyl , 1 , 2 , 4-thiadiazolyl , 1,2,5- 
thiadiazolyl , 1 , 3 , 4-thiadiazolyl , thianthrenyl , thiazolyl, 
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thienyl , thienothiazolyl , thienooxazolyl , thienoimidazolyl , 
thiophenyl, triazinyl, 1, 2, 3-triazolyl, 1, 2 , 4-triazolyl, 
1,2,5-triazolyl, 1, 3 , 4-triazolyl, xanthenyl . Preferred 
heterocycles include, but are not limited to, pyridinyl, 
5 furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, indolyl, 
benzimidazolyl, lH-indazolyl, oxazolidinyl , benzotriazolyl , 
benzisoxazolyl, oxindolyl, benzoxazolinyl , or isatinoyl. 
Also included are fused ring and spiro compounds containing, 
for example, the above heterocycles. 

10 The phrase "pharmaceutically acceptable" is employed 

herein to refer to those compounds, materials, compositions, 
and/or dosage forms which are, within the scope of sound 
medical judgment, suitable for use in contact with the 
tissues of human beings and animals without excessive 

15 toxicity, irritation, allergic response, or other problem or 
complication, commensurate with a reasonable benefit/risk 
ratio. 

As used herein, "pharmaceutically acceptable salts" 
refer to derivatives of the disclosed compounds wherein the 

20 parent compound is modified by making acid or base salts 
thereof. Examples of pharmaceutically acceptable salts 
include, but are not limited to, mineral or organic acid 
salts of basic residues such as amines; alkali or organic 
salts of acidic residues such as carboxylic acids; and the 

25 like. The pharmaceutically acceptable salts include the 
conventional non-toxic salts or the quaternary ammonium 
salts of the parent compound formed, for example, from non- 
toxic inorganic or organic acids. For example, such 
conventional non- toxic salts include those derived from 

30 inorganic acids such as hydrochloric, hydrobromic, sulfuric, 
sulfamic, phosphoric, nitric and the like; and the salts 
prepared from organic acids such as acetic, propionic, 
succinic, glycolic, stearic, lactic, malic, tartaric, 
citric, ascorbic, pamoic, maleic, hydroxymaleic, 

35 phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2- 
acetoxybenzoic , f umaric , toluenesulf onic , methanesulf onic , 
ethane disulfonic, oxalic, isethionic, and the like. 
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The pharmaceutical^ acceptable salts of the present 
invention can be synthesized from the parent compound which 
contains a basic or acidic moiety by conventional chemical 
methods. Generally, such salts can be prepared by reacting 
5 the free acid or base forms of these compounds with a 
stoichiometric amount of the appropriate base or acid in 
water or in an organic solvent, or in a mixture of the two; 
generally, nonaqueous media like ether, ethyl acetate, 
ethanol, isopropanol, or acetonitrile are preferred. Lists 
10 of suitable salts are found in Remington's Pharmaceutical 
Sciences, 17th ed. , Mack Publishing Company, Easton, PA, 
1985, p. 1418, the disclosure of which is hereby 
incorporated by reference. 

"Prodrugs" are intended to include any covalently 
15 bonded carriers which release the active parent drug 
according to formula (I) in vivo when such prodrug is 
administered to a mammalian subject. Prodrugs of a compound 
of formula (I) are prepared by modifying functional groups 
present in the compound in such a way that the modifications 
20 are cleaved, either in routine manipulation or in vivo, to 
the parent compound. Prodrugs include compounds of formula 
(I) wherein a hydroxy, amino, or sulfhydryl group is bonded 
to any group that, when the prodrug or compound of formula 
(I) is administered to a mammalian subject, cleaves to form 
25 a free hydroxyl, free amino, or free sulfhydryl group, 

respectively. Examples of prodrugs include, but are not 
limited to, acetate, formate and benzoate derivatives of 
alcohol and amine functional groups in the compounds of 
formula (I), and the like. Preferred prodrugs are amidine 
30 prodrugs wherein D is C(=NR 7 )NH2, and R 7 is selected from OH, 
Ci_4 alkoxy, C6-10 aryloxy, C1-4 alkoxycarbonyl , C6-10 
aryloxycarbonyl, C6-10 ary lmethylcarbonyl , C1-4 
alkylcarbonyloxy C1-4 alkoxycarbonyl, and Ce-io 
arylcarbonyloxy C1-4 alkoxycarbonyl. More preferred prodrugs 
35 are where R 7 is OH, methoxy, ethoxy, benzyloxycarbonyl , 
methoxycarbonyl, and methylcarbonyloxymethoxycarbonyl . 

"Stable compound" and "stable structure" are meant to 
indicate a compound that is sufficiently robust to survive 
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isolation to a useful degree of purity from a reaction 
mixture, and formulation into an efficacious therapeutic 
agent . 

5 SYNTHESIS 

The compounds of the present invention can be prepared 
in a number of ways known to one skilled in the art of 
organic synthesis. The compounds of the present invention 
can be synthesized using the methods described below, 

10 together with synthetic methods known in the art of 

synthetic organic chemistry, or by variations thereon as 
appreciated by those skilled in the art. Preferred methods 
include, but are not limited to, those described below. The 
reactions are performed in a solvent appropriate to the 

15 reagents and materials employed and suitable for the 

transformations being effected. It will be understood by 
those skilled in the art of organic synthesis that the 
functionality present on the molecule should be consistent 
with the transformations proposed. This will sometimes 

20 require a judgment to modify the order of the synthetic 
steps or to select one particular process scheme over 
another in order to obtain a desired compound of the 
invention. It will also be recognized that another major 
consideration in the planning of any synthetic route in this 

25 field is the judicious choice of the protecting group used 
for protection of the reactive functional groups present in 
the compounds described in this invention. An authoritative 
account describing the many alternatives to the trained 
practitioner is Greene and Wuts (Protective Groups In 

30 Organic Synthesis, Wiley and Sons, 1991). All references 
cited herein are hereby incorporated in their entirety 
herein by reference. 

The compounds of the present invention represented by 
Formula I are 1 , 3 , 4-trisubstituted and 1,3,3,4- 

35 tetrasubstituted pyrrolidines , 1,3, 4-trisubstituted A 3 - 

pyrrolines, and 2, 4, 5-trisubstituted, 2,4,4,5- 
tetrasubstituted and 2, 4 , 5, 5- tetrasubstituted 
isoxazolidines . A convenient method for the preparation of 

21 
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these heterocycles utilizes a 1,3-dipolar cycloaddition of 
an appropriate 1,3-dipole with an appropriate dipolarophile. 
To prepare the pyrrolidine nucleus, the appropriate 1,3- 
dipole is an azomethine ylide. To prepare the isoxazolidine 
5 nucleus the appropriate 1,3-dipole is a nitrone (for reviews 
of 1,3-dipolar cycloaddition chemistry of azomethine ylides 
and nitrones, see 1, 3-Dipolar Cycloaddition Chemistry (A. 
Padwa, Ed.), Wiley- Interscience, New York, 1984; Tsuge and 
Kanemasa, in Advances in Heterocyclic Chemistry (A. 
10 Katritzky, Ed.), 1989, 45, p. 232; Torssell, in Nitrile 
Oxides, Nitrones and Nitronates in Organic Synthesis, VCh 
Publishers, Inc., New York, 1988; Breuer, Aurich and 
Nielsen, in Nitrones, Nitronates, and Nitroxides, Wiley, New 
York, 1989). 

15 Although there are several methods known in the 

literature for generating stabilized azomethine ylides, 
fewer methods are available for generating the non- 
stabilized azomethine ylides required for the preparation of 
the pyrrolidine-containing compounds of the present 

20 invention. However, the decomposition of an appropriately 

substituted tertiary amine was found to be a suitable method 
for the purposes of the present invention. A general scheme 
for the generation and reaction of non-stabilized azomethine 
ylides using this method is shown in Scheme 1 . The 

25 azomethine ylide precursors la and lb are either 

commercially available or are readily prepared by methods 
known to those skilled in the art. Shown at the bottom of 
Scheme 1 are some preferred methods beginning with the 
readily available secondary amines 4 (Hosomi et al Chem. 

30 Letters 1984, 1117; Padwa et al. J. Org. Chem. 1985, 50, 
4006) . Treatment of 4 with aqueous formaldehyde in the 
presence of either methanol or potassium cyanide at near 
neutral pH generates the tertiary amines la and lb, 
respectively. Alternatively, the anion of 4 can be 

35 generated with a suitable base, such as n-butyllithium or 

sodium hydride, and alkylated with chloromethyl methyl ether 
to generate la. The substituent R' can be benzyl, 
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substituted benzyl, alkyl, cycloalkyl, etc., but preferably 
is benzyl. 

Scheme 1 



TM9 — \ TFA (LG=OMe) 

~R' ' 

AgF (LG=CN) 



la. LG = OMe 
lb LG = CN 



\ 



R= R* 
R b H 



R c . 

R 1 



TM3 — v 

TM9 — v 37% aq CH 2 0. MeOH (la) \ T _ . 

HN-R - l£r-S 

or base, chloromethyl methyl ether (la) 
4 or 37% aq CH 2 0, KCN (lb) ^ ^ = ^ 

lb LG = CN 

5 The generation of the azomethine ylide 2 from la and lb 

is straightforward. Treatment of la with a number of acidic 
catalysts, such as trif luoroacetic acid, acetic acid, 
titanium tetrachloride or trif luoromethanesulf onic acid, 
causes its rapid decomposition to the azomethine ylide 2 

10 (Terao et al Chem. Pharm. Bull. 1985, 33, 2762). The 
preferred catalyst is 5-25% trif luoroacetic acid in 
dichl or ome thane solvent. Treatment of lb with silver 
fluoride in the dark also generates 2 (Padwa et al . J. Org. 
Chem. 1985, SO, 4006). This method relies on the 

15 silylophilic nature of fluoride ion and is generally carried 
out in acetonitrile solvent. Once generated, the non- 
stabilized azomethine ylide 2 reacts with olefins to produce 
pyrrolidines 3 by 1,3 -dipolar cycloaddition. Generally the 
olefin needs to be activated by a suitable electron 

20 withdrawing group, such as carboxylic ester, carboxylic 

amide, ketone, nitrile, sulfone, nitro, etc. Styrenes which 
are substituted with electron withdrawing groups, such as 
carboxylic ester, carboxylic amide, ketone, nitrile, 
sulfone, nitro, etc., also are able to undergo reaction with 

25 2 to produce aryl -substituted pyrrolidines. The 1,3-dipolar 
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cycloaddition is stereospecif ic in that the stereochemistry 
of the olefin is retained and translated into the relative 
stereochemistry of the pyrrolidine product- Thus, Zrans- 
disubstituted olefins undergo cyclization to produce 
5 pyrrolidines 3 with a trans configuration of the 3,4- 
substituents on the pyrrolidine ring. 

In Scheme 2 is shown how the just described 1,3-dipolar 
cycloaddition can be applied to the synthesis of the 1,3,4- 
trisubstituted and 1 , 3 , 3 , 4-tetrasubstituted pyrrolidine 

10 nucleus contained in the compounds of the present invention. 
The required di- or trisubstituted olefins 6 are readily 
available from cyanobenzaldehydes 5 by reaction with 
stabilized Wittig reagents or with the sodium or potassium 
anions of phosponate reagents. The stabilized Wittig 

15 reagents react with 5 to give E-disubstituted olefins € (R c 
= hydrogen, R a = carbomethoxy, acetyl) . The phosphonate 
anions also give £-di- or trisubstituted olefins 6 when R c 
of the phosphonate is hydrogen or methyl, R a is carbomethoxy 
or carboethoxy and R d is methyl or ethyl. Modification of 

20 the phosphonate also allows for the preparation of the Z- 
disubstituted olefins 6. Thus, treatment of bis (2,2, 2- 
trif luoroethyl) (methoxycarbonylmethyl) phosphonate (R d = 
-CH2CF3) with potassium bis (trimethylsilyl) amide and 18- 
crown-6 generates a potassium anion of the phosphonate that 

25 reacts with 5 to give selectively the Z-disubstituted 6 
where R c is carbomethoxy and R a is hydrogen. 



24 



WO 98/06694 



Scheme 2 



PCT/US97/14222 




H 



Ph 3 P=C(R c ) (R a ) 





N( 



or 



TFA, CH 2 C1 2 



5 



NaH , (R d O) 2 POCH{R c ) (R a ) 



6 




8 



or, C1C0 2 CH<C1)CH 3 ; then 
MeOH, reflux 



H 2 , 10% Pd/C, <t-BuOCO) 2 0; 
then TFA, CH 2 C1 2 



N( 




HX 



9 



10 



15 



20 



The 1,3-dipolar cycloaddition of olefins 6 with N- 
benzyl derivatives of 7 under TFA catalysis smoothly affords 
the pyrrolidines 8. The relative stereochemistry about the 
pyrrolidine ring is determined by the geometry of the olefin 
6 as described in connection with Scheme 1. Deprotection of 
the N-benzyl group (R e , R f = hydrogen) can be accomplished in 
several ways. Two preferred methods are catalytic 
hydrogenation in the presence of di- tert-butyl dicarbonate 
followed by trif luoroacetic acid deprotection of the N-tert- 
butyl carbamate intermediate. This procedure affords 9 as 
the trif luoroacetic acid salt. Another method involves 
refluxing 8 in the presence of ct-chloroethyl chlorof ormate 
in a solvent such as 1 , 2-dichloroethane followed by 
refluxing in methanol to deprotect the a-chloroethyl 

carbamate intermediate (Olofson et al J. Org. Chem. 1984, 
49, 2081) . This methods affords 9 as the hydrochloride 
salt. 

In Scheme 3 is shown how to prepare compounds of 
Formula I in which J is CO, S0 2 or C0 2 attached to the 
pyrrolidine nucleus. Where J in Formula I is CO, the 
compounds can be prepared by two preferred methods. The 
first is the reaction of the pyrrolidine 9 with an acid 
chloride in the presence of a suitable base such as 
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triethylamine. In cases where the required acid chloride is 
not commercially available, it can be prepared from the 
corresponding carboxylic acid by treatment with thionyl 
chloride or other methods known to those skilled in the art. 
5 Alternatively, the pyrrolidine 9 can be coupled to a 

carboxylic acid using any of a number of peptide coupling 
methods (mixed anhydride, HBTU, DCC, etc J well known to 
those skilled in the art of organic synthesis. The product 
of these methods is the amide 10. To prepare the carbamate 

10 compounds 11, where J in Formula I is CO2, the pyrrolidine 9 
can be coupled to the appropriate chlorof ormate or 
succinimidyl carbonate in the presence of an appropriate 
base such as triethylamine. The compounds of Formula I 
where J is SO2 can be prepared from pyrrolidine 9 by 

15 treatment with the appropriate sulfonyl chloride to afford 
the sulfonamides 12. In cases where the sulfonyl chloride 
is not commercially available, it can be prepared from the 
corresponding sulfonic acid 13 using phosphorous 
pentachloride or thionyl chloride. Where the sulfonic acid 

20 13 is not commercially available, it can be prepared from 
the corresponding bromide 14 by displacement with sodium 
sulfite . 

To prepare compounds where J in Formula I is CH2/ a 
simple alkylation of the pyrrolidine 9 with the appropriate 
25 primary alkyl bromide or chloride in the presence of a base 
such as triethylamine can provide the required compounds. 
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Scheme 3 




To prepare pyrrolidine-containing compounds of Formula 
I where A-B is a biphenyl residue, the chemistry described 
in Scheme 4 can be used. For compounds where -J(CH2> 
5 CH2 the preferred method involves preparing the bromo- 
containing reagent 15 through alkylation of 
trimethylsilylmethylamine followed by reaction of the 
resulting secondary amine with aqueous formaldehyde in 
methanol as described previously. Other methods known to 

10 those skilled in the art can be envisioned to prepare this 
compound. The 1,3-dipolar cycloaddition described earlier 
with olefin 6 affords the pyrrolidine 16. The biphenyl 
residue can be constructed using the palladium-catalyzed 
Suzuki coupling of 16 with an appropriate arylboronic acid 

15 (Miyaura et al Syn. Comm. 1981, 11, 513). The product from 
the Suzuki coupling is the biphenyl compound 17. The 
arylboronic acid can be prepared from the corresponding 
arylbromide by transmetallation to the aryllithium reagent 
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with n-butyllithium or t-butyllithium followed by reaction 
with trimethylborate and hydrolysis to the boronic acid. 



Scheme 4 




18 19 



Compounds containing different J-{CH2) n ~ groups such as 
18, which are available following the procedures described 
in Scheme 3, can be transformed in an analogous fashion into 
the corresponding biphenyl -containing pyrrolidine compounds 
10 19. 

Scheme 5 describes methods used to elaborate the R- 
(CH2) m - group of Formula I in the pyrrolidine series of 
compounds. Compound 20 (m = 0) is obtainable by the 
procedures described in earlier schemes . Compound 20 (m = 
15 1) is a one carbon homolog which can be prepared from the 
appropriate 20 (m = 0) analog by homologation procedures 
known to those skilled in the art of organic chemistry. To 
prepare carboxylic amide analogs, the ester 20 is first 
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hydrolyzed to the carboxylic acid and then is converted to 
the desired amide 21 by any of a variety of procedures known 
to those skilled in the art, such as the mixed anhydride 
method, DCC-mediated coupling, etc. Alcohol derivatives are 
5 available by reduction of the carboxylic acid derived from 
20 by either borane tetrahydrofuran complex or by a 
procedure involving sodium borohydride reduction of the 
mixed anhydride of the carboxylic acid. The ether 
derivatives 23 are readily available by etherif ication of 

10 the alcohol 22 with an alkyl halide and a suitable base such 
as sodium hydride. The alcohol 22 can also be transformed 
into the thioether derivatives by first converting the 
alcohol into a good leaving group, for example by converting 
it into its mesylate or tosylate with the appropriate 

15 sulfonyl chloride and a base such as pyridine or 

triethylamine. Displacement of the leaving group with a 
thiol in the presence of a base will then yield the 
thioether derivatives 24. Oxidation of 24 by any of a 
variety of well know oxidizing agents can then afford the 

20 corresponding sulfone derivatives 25. 
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Scheme 5 




1) LiOH • H 2 0 
THF/H 2 0 



20 

1) LiOH . H 2 0 
THF/H 2 0 

2) IBCF. NMM 
then NaBH 4 ; 
or BH 3 . THF 



NaH , RX 



22 



1) CH 3 S0 2 C1 or p-TsCl, 
base 



2) RSH, base 




oxidation 



R 2 R 2a N0C 



2) HNR 2 R 2a , /£ 
coupling 
method 




A— B 



21 




23 




A-B 



10 



All of the pyrrolidine derivatives described in Schemes 
2-5 contain an aromatic cyano group which must be converted 
to its amidine derivative to prepare the final compounds 
described by Formula I. Generally, in the course of 
preparing the compounds of this present invention, this 
conversion has been the final step in each synthetic 
sequence and it is shown in Scheme 6 . The preferred method 
was first described by Pinner and Klein (Ber. , 1877, 10, 
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1889; for a more recent review see: Decroix, J. Chem. 
Res., 1978, 134). By this method the nitrile 26 is 
dissolved in an anhydrous alcohol or a mixture of at least 
one equivalent of an alcohol and an anhydrous aprotic 
5 cosolvent, such as chloroform or an acetate ester of the 
selected alcohol (i.e., methyl acetate for methyl alcohol). 
Typically, this mixture is cooled to below ambient 
temperature and dry hydrogen chloride gas is added via a gas 
dispersion tube until the solvent is saturated with HCl. 

10 The mixture is then sealed and stirred at ambient 

temperature or below to form an intermediate imidate. The 
imidate is isolated and dissolved in an anhydrous alcohol 
solvent and treated with ammonia, ammonium carbonate, 
ammonium acetate or alcoholic ammonia solution to afford the 

15 desired amidine 27 . These compounds are conveniently 
purified by preparative reverse phase HPLC or by 
recrystallization to give the pyrrolidine compounds defined 
by Formula I. 

Scheme 6 



» 2) (NH 4 ) 2 C0 3 or *2*K^ 
N NH 3 (g), or NH 3 /R0H NH 2 7 

20 26 



In cases where A or B in compound 26 is substituted 
with a tert-butylsulfonamide group, the fcert-butyl 
protecting group can be removed by refluxing in 

25 trif luoroacetic acid prior to subjecting these compounds to 
the Pinner sequence. 

Although the Pinner sequence to produce the amidines 27 
is generally the final step in the preparation of the 
pyrrolidine compounds of Formula I, some transformations can 

30 be carried out on the amidine derivatives themselves, as 
shown in Scheme 7 . To prepare the carboxylic acid 
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derivatives of the present invention, the methyl ester 28 
can be treated with an excess of lithium hydroxide in 
aqueous tetrahydrof uran to afford the acid 29. To prepare 
esters other than methyl esters, the methyl ester 28 can be 
5 treated at reflux with an excess of another alcohol, such as 
isopropanol or n-butanol, in the presence of a catalytic 
amount of a titanium (IV) tetraalkoxide , such as titanium 
(IV) tetraisopropoxide. This reaction produces the 
alternate ester 30. Due to the large excess of alcohol 
10 used, the titanium reagent does not have to match the 

alcohol, thus reaction of 28 with excess n-butanol in the 
presence of catalytic titanium (IV) tetraisopropoxide 
produces the n-butyl ester derivative of 30. 

Scheme 7 



Me0 2 C pa 




The syntheses of the pyrrolidine compounds described in 
the preceeding schemes were all described for racemic 
compounds, despite the presence of one or more chiral 
20 centers in all of the compounds presented. . It is also 
possible to prepare many of the pyrrolidine compounds 
contained in this invention as single enantiomers in a well- 
defined manner by asymmetric synthesis. Presumably many of 
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the compounds would also be amenable to resolution methods 
to prepare single enantiomers. In Scheme 8 is described a 
method for the asymmetric synthesis of the pyrrolidine 
compounds of this invention. The preferred, but not the 
5 only, method for preparing single enantiomers of these 

compounds is by employing a 1,3-dipolar cycloaddition of an 
azomethine ylide with an olefin derivative which contains a 
chiral auxiliary to induce asymmetry. Although there are 
many chiral auxiliaries which would presumably be capable of 

10 inducing an enantioselective 1,3-dipolar cycloaddition, 

preferred auxiliaries are (IS) - (-) -2, 10-camphorsultam and 
{1R) - {+) -2, 10 -camphor sul tarn, both of which are commercially 
available. A preferred, but not the only, method of 
introducing the camphorsultam auxiliary is by reaction of 

15 the aluminum reagent derived from the auxiliary 32 with an 
ester 31 to give the amide 33. The reaction of 33 with the 
azomethine ylide precursor described earlier in the presence 
of trif luoroacetic acid results in a 1,3-dipolar 
cycloaddition to give a mixture of diastereomeric 

20 pyrrolidines 34 and 35 (Fevig, Bioorg. Med. Chem. Lett. 

1996, 6, 295). The diastereomers can be separated by flash 
chromatography and separately elaborated to enantiomerically 
pure pyrrolidine compounds of Formula I. The removal of the 
camphorsultam chiral auxiliary can be accomplished by two 

25 preferred methods. The first involves treating the 

cycloaddition product with lithium hydroxide in aqueous 
tetrahydrofuran which furnishes the carboxylic acid 36, 
which can be transformed into the corresponding methyl ester 
37 by a variety of methods known to those skilled in the 

30 art. Additionally, the cycloaddition product can be treated 
with methanolic magnesium methoxide to afford the 
corresponding methyl ester 37 directly. The 
enantiomerically pure methyl esters 37 can be elaborated to 
enantiomerically pure pyrrolidine-containing compounds of 

35 Formula I by the procedures described in Schemes 2-7. 
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Scheme 8 




34 35 

major minor 




The isoxazolidine-containing compounds of the present 
invention are preferably prepared by the 1,3 -dipolar 
5 cycloaddition of an appropriate nitrone with an appropriate 
dipolarophile, as described earlier. Although there are 
several methods known in the literature for the generation 
of nitrone intermediates, a preferred method for generating 
the compounds of the present invention is shown in Scheme 9 
10 In this method the nitrone is generated from the hydroxyl 

amine 38 by treatment with paraformaldehyde with concurrent 
removal of water (Wityak et al J . Org. Chem. 1987, 52, 
2179) . This is conveniently accomplished by refluxing the 
reaction mixture (to crack the paraformaldehyde polymer) in 
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a solvent such as benzene in the presence of a drying agent 
such as crushed activated molecular sieves to remove water 
produced in the reaction. The nitrone 39 thus generated 
reacts with a variety of olefins to produce the 
5 regioisomeric isoxazolidines 40 and 41. 

Scheme 9 




The R' group on 38 can be hydrogen, alkyl, alkylaryl, 

10 aryl, etc. The reaction is stereospecif ic in that the 
geometry of the olefin is translated into the relative 
stereochemistry of the cycloaddition product, as is the case 
for the azomethine ylide 1,3-dipolar eye loaddit ions 
discussed earlier. Thus, an E-disubstituted olefin (R c = H, 

15 R b ,R a = substituents) gives rise to isoxazolidines* 40 and 41 
having a trans relationship between R a and R b . The 
regioselectivity of the cycloaddition is dependent on the 
nature and substitution pattern of the olefin. In some 
cases mixtures of 40 and 41 are produced while in other 

20 cases a certain olefin will result in a regioselective 
reaction and give rise to only 40 or 41. 

Much of the chemistry described for the pyrrolidine 
compounds in Schemes 2-8 can also be applied to the 
isoxazolidine compounds. In Scheme 10 is shown how the just 

25 described nitrone 1,3-dipolar cycloaddition can be applied 
to the synthesis of the 2, 4, 5-trisubstituted, 2,4,4,5- 
tetrasubstituted and 2, 4, 5, 5-tetrasubstituted isoxazolidines 
contained in the compounds of the present invention in which 
A-B of Formula I is a biphenyl residue and J(CH 2 ) n is CH2 . 

30 The preferred, but not the only, method for preparing 
compounds of this type is to prepare the appropriate 4- 
bromobenzylhydroxylamine 43 from the corresponding 4- 
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bromobenzaldehyde 42. This is readily accomplished by 
standard formation of the oxime by standard methods, 
followed by reduction of the oxime to give 43. This 
reduction can be accomplished with borane-pyridine complex 
5 under acidic conditions or with sodium cyanoborohydride 
under acidic conditions. 

Scheme 10 




46a Z*=0. Z2=CH 2 MH «°* C 
46b Z l =CH 7t Z 2 =0 




47a Z L =0, Z 2 =CH 2 
47b Z i =CH 2 . Z 2 =0 

Generation of the nitrone with paraformaldehyde as 
10 described in Scheme 9 and reaction with the appropriate 

olefinic benzonitrile 44 leads to a regioisomeric mixture of 
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isoxazolidines 45a and 45b. Suzuki coupling of 45a and 45b 
with the appropriate boronic acid, as described in Scheme 4, 
gives the isoxazolidines 46a and 46b. The amidine compounds 
47a and 47b, corresponding to compounds described by Formula 
5 I, can be prepared by the Pinner protocol as described in 
Scheme 6. 

To prepare isoxazolidine compounds of Formula I where 
J(CH 2 ) n is other than CH 2 (J(CH 2 ) n = (CH 2 ) n , S0 2 <CH 2 ) n , 
CO(CH 2 ) n , C0 2 (CH 2 )n/ etc.) the methods described in Scheme 11 

10 can be used. Generation of the nitrone 49 can be 

accomplished by treatment of hydroxylamine hydrochloride 48 
with paraformaldehyde as described in Scheme 9. Reaction of 
49 with an olefin 6 can afford the N-unsubstituted 
regioisomeric isoxazolidines 50a and 50b. Treatment of 50a 

15 and 50b with compounds of type 51 can be used to prepare a 
variety of N-substituted isoxazolidines 52a and 52b. 
Compounds 51 can include alkyl halides (LG = Br, CI; J = 
CH 2 ), sulfonyl chlorides (LG = CI; J = S0 2 ), carboxylic 
acids (LG = OH; J = CO) , carboxylic acid chlorides (LG = 

20 CI; J = CO) and chlorof ormates (LG = CI; J = C0 2 ) . The 
reaction conditions to afford N-substituted isoxazolidines 
52a and 52b can be those described in Scheme 3 for the 
pyrrolidine compounds or other procedures known to those 
skilled in the art of organic chemistry. The products 52 

25 can be carried onto the final products described by Formula 
1 following procedures described for the pyrrolidines in 
Schemes 4-8. 
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H<\ CH 2 0. NaOH 

H . HC1 <-H 2 0) 



/ 



NC 





48 



49 



NC 



50a Z^O. Z 2 =CH 2 
50b Z 1 =CH 2 , Z 2 =0 



LG= Br, Cl, OH 

J= CH 2 , S0 2 , CO, C0 2 



LG-J(CH 2 ) n A-B (51) 




52a Z^O, Z 2 =CH 2 
52b Z^CH^ Z 2 =0 



f-J(CH 2 ) n A- 



B 



NC 



In Scheme 12 is shown how the previously described 1,3- 
dipolar cycloaddition can be applied to the synthesis of the 
5 1,3,4-trisubstituted A 3 -pyrroline nucleus contained in 
compounds of the present invention. The required 
dipolarophile for A 3 -pyrroline synthesis is an alkyne such 
as 54. These compounds can best be prepared by a variety of 
palladium-catalyzed aryl-alkyne coupling reactions. Two 

10 such examples are shown in Scheme 12 . In one case an 

alkynylzinc species of an appropriate substituted alkyne is 
generated with n-BuLi and zinc chloride. This species is 
then coupled to the appropriate aryl halide or aryl triflate 
53 in the presence of a palladium (II) catalyst to give 

15 alkyne 54. Alternatively, the aryl halide or aryl triflate 
53 can be coupled to an appropriate substituted alkyne in 
the presence of a palladium (0) catalyst, copper iodide and 
an organic amine base to give 54. Other procedures to 
produce 54 are available and known to those skilled in the 

20 art. Reaction of 7 with alkyne 54, in which R a is an 
electron-withdrawing group such as a carboxylic ester, 
carboxylic amide, ketone, nitrile, sulfone, nitro, etc., 
should produce the desired A 3 -pyrroline 55. The N-benzyl 
group can readily be removed by the 1-chloroethyl 
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chloroformate procedure described in Scheme 1 to afford the 
A 3 -pyrroline nucleus 56. 

Scheme 12 




H- £= ^- R a nBuLi, ZnCl 2 
Pd(II) catalyst, or 

H ~ ' R a Cul, R 3 N 
Pd(0) catalyst ^ TFA. CH 2 C1 2 



53 

(X= Br, I, OTf. etc) 



54 




C1C0 2 CH(C1)CH 3 ; then 

MeOH, reflux - ts ' * ™ 




55 56 



In Scheme 13 is shown how to prepare compounds of 

10 Formula I in which R is COR d , C02R d , S02R d or R d attached to 
the pyrrolidine or A 3 -pyrroline nitrogen, where R d is alkyl, 
aryl or alkylaryl. Where R in Formula I is COR d f the 
compounds can be prepared by two preferred methods . The 
first is the reaction of the pyrrolidine or A 3 -pyrroline 57 

15 with an acid chloride in the presence of a suitable base 
such as triethylamine . In cases where the required acid 
chloride is not commercially available, it can be prepared 
from the corresponding carboxylic acid by treatment with 
thionyl chloride or other methods known to those skilled in 

20 the art. Alternatively, the pyrrolidine or A 3 -pyrroline 57 
can be coupled to a carboxylic acid using any of a number of 
peptide coupling methods (mixed anhydride, HBTU, DCC, etc.) 
well known to those skilled in the art of organic synthesis. 
The product of these methods is amide 58. To prepare 

25 carbamate compounds 59, where R in Formula I is C02R d , the 
pyrrolidine or A 3 -pyrroline 57 can be coupled to the 
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appropriate chlorof ormate or succinimidyl carbonace in the 
presence of an appropriate base such as triethylamine. The 
compounds of Formula I where R is S0 2 R d can be prepared from 
pyrrolidine or A 3 -pyrroline 57 by treatment with the 
5 appropriate sulfonyl chloride to afford the sulfonamides 60. 
In cases where the sulfonyl chloride is not commercially 
available, it can be prepared from the corresponding 
sulfonic acid 62 using phosphorous pentachloride or thionyl 
chloride. Where the sulfonic acid 62 is not commercially 

10 available, it can be prepared from the corresponding bromide 
61 by displacement with sodium sulfite. To prepare 
compounds where R in Formula I is R d , a simple alkylation of 
the pyrrolidine or A 3 -pyrroline 57 with the appropriate 
primary alkyl bromide, chloride or tosylate in the presence 

15 of a base such as triethylamine can provide the required 
compounds (Formula I, R = R d ) . 
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« 62 

5 The compounds of Formula I contain a linking group Z 

connecting the pyrrolidine and A 3 -pyrroline rings to the A-B 

moiety. In Schemes 14-17 is shown how the various linking 

groups can be synthesized and incorporated into the 

♦ 

structures of Formula lb. It will be appreciated by those 
10 skilled in the art of organic synthesis that depending on 
the groups R and A-B of Formula lb, some modification of 
reaction order or use of suitable protecting groups may be 
required to prepare the desired compounds. Many of the 
various linking groups can be derived from a carboxylic 
15 ester group when the azomethine ylide cyclizations of Scheme 
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2 are carried out on dipolarophiles 6 in which R a or R c is a 
carboxylic ester or when those of Scheme 3 are carried out 
on dipolarophiles 54 in which R a is a carboxylic ester. For 
compounds of Formula lb in which Z is an amide (-C0NH-) 
5 there is a variety of methods for preparing the desired 

compounds (Scheme 14) . One preferred method is to treat the 
ester 64 directly with an aluminum reagent derived from a 
suitable amine 65. This is accomplished by first treating 
the amine 65 with trimethylaluminum in a solvent such as 
10 methylene chloride or toluene and then adding the ester 64 
and stirring at temperatures ranging from room temperature 
to 100° C. This procedure affords the amide 66 directly. 
Another preferred method is to hydrolyze the ester 64 to the 
carboxylic acid 67 under basic conditions. The acid 67 can 
15 then be coupled to a suitable amine by many methods well 

known to those skilled in the art. One preferred method for 
this transformation is to treat 67 with oxalyl chloride or 
thionyl chloride to form the corresponding acid chloride. 
This intermediate can then be treated with amine 65 to 
20 afford the amide 66. Another method is to allow the acid 67 
and the amine 65 to react in the presence of a suitable 
peptide coupling reagent, such as BOP-C1, HBTU, DCC or any 
of a variety of such agents that are well known to those 
skilled in the art. 

25 

Scheme 14 
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In Scheme 15 is shown how the ether, amine and ketone 
linking groups Z of Formula lb compounds can be prepared 
from the carboxylic ester 64. To prepare the ether-linked 
5 compounds (Z = -CH2O-) , reduction of ester 64 to the 
corresponding primary alcohol is required. This 
transformation is possible by a variety of techniques. The 
preferred procedures involve the intermede carboxylic acid 
67 . The acid 67 can be reduced to the alcohol 68 directly 

10 with borane tetrahydrofuran complex or by a procedure 

involving sodium borohydride reduction of a mixed anhydride 
derived from carboxylic acid 67. Completion of the ether 
linked compounds of Formula lb is readily accomplished from 
68 by the Mitsonobu protocol with an appropriate phenol or 

15 hydroxyheterocycle 69 to give 70 (Formula lb, A = aryl or 
heteroaryl) . To prepare the amine-linked compounds of 
Formula lb (Z = -CH2NH-) alcohol 68 can be oxidized to 
aldehyde 71 by a number of procedures, two preferred methods 
of which are the Swern oxidation and oxidation with 

20 pyridinium chlorochromate (PCC) . Reductive amination of 
aldehyde 71 with an appropriate amine 65 and sodium 
cyanoborohydride then affords the amine linked compounds 72. 
The aldehyde 71 also can be used to prepare the ketone- 
linked compounds of Formula lb (Z = -COCH2-) . Treatment of 

25 71 with an organometallic species of structure 73 affords 
the alcohol 74. Compound 73 (where M = magnesium or zinc) 
is best prepared from the corresponding halide by. treatment 
with metallic magnesium or zinc. These reagents readily 
react with aldehydes to afford alcohols. Oxidation of 

30 alcohol 74 by any of a number of procedures, such as the 
Swern oxidation or PCC oxidation, affords the ketones 75. 
Alternatively, the ketones 75 can be prepared from the 
appropriate cinnamic or propionic acid derivatives 76. 
Treatment of 76 with the appropriate organomagnesium or 

35 organozinc reagent 76 affords either the unsaturated ketone 
77 directly (when X in 76 is CI, N (Me) OMe) or an 
intermediate alcohol (when X in 76 is H) which can 
subsequently be oxidized to 77 by procedures described 
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above. Following the procedures described in Schemes 12 and 
13, the unsaturated ketone 77 can be cyclized to the 
pyrrolidine or A 3 -pyrroline and subsequently converted to 
32. 
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Scheme 15 




I^M-CI^A-B (30) 
(M = Mg, Zn> 




(X= H, CI, N (Me) OMe 

5 In Scheme 16 is shown how compounds of Formula I 

containing the sulfonamide linking group (Z = -SO2NH-) can 
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be prepared. The styrene 78 can be treated with a variety 
of reagents, such as sulfuryl chloride or sulfur trioxide 
and phosphorous pentachloride, to afford the unsaturated 
sulfonyl chloride 79. Treatment with an appropriate amine 
5 65 affords the sulfonamide 80 which can subsequently be 

converted into the sulfonamide -linked compounds 81 following 
the procedures described in Schemes 12 and 13 . 

Scheme 16 

10 




In Scheme 17 is shown how compounds of Formula lb 
containing the sulfone linking group (2 = -SO2CH2-) can be 

15 prepared. Treatment of readily available 82 with 

trimethylphosphite affords a phosphonate which, after 
treatment with a suitable base such as sodium hydride, 
reacts with the aldehyde 5 to afford the unsaturated sulfide 
83. Oxidation to the corresponding sulfone 84 can be 

20 accomplished by a variety of reagents, such as KMn04 . 

Alternatively, the oxidation can be carried out prior to the 
condensation with aldehyde 5, in which case reaction of the 
anion of the sulfone phosphonate with 5 would give 84 
directly. Following the procedures described in Schemes 12 

25 and 13, the sulfone 84 can be converted to the sulf one- 
linked compounds 85. 
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Scheme 17 




85 



5 All of the pyrrolidine and A 3 -pyrroline derivatives 

described in Schemes 14-17 contain an aromatic cyano group 
which must be converted to its amidine derivative to prepare 
the final compounds described by Formula lb. This can be 
accomplished using the reduction procedures described above 

10 in Scheme 6. 

Where the group A-B in compounds of Formula lb is a 
biphenyl residue, the chemistry described in Scheme 18 can 
be used. The biphenyl residue can be constructed using the 
palladium-catalyzed Suzuki coupling of an appropriate aryl 

15 halide 86 with an appropriate arylboronic acid 87 to give 
the biphenyl 88 (Miyaura et. al. Syn. Comm. 1981, 11, 513) . 
This reaction in general is tolerant of a wide variety of 
substituents on both of the reacting partners. Thus, the 
reaction can be performed on a variety of compounds 86 where 

20 R 1 is a suitable precursor to the Z linking group found in 
compounds of Formula lb. Alternatively, the coupling can be 
performed on a more fully elaborated aryl halide such as 89, 
where the pyrrolidine, A 3 -pyrroline or isoxazolidine 
heterocycle is intact. Reaction with a suitable boronic 

25 acid 90 then would afford 91. The biphenyl compounds 88 and 
91 can be carried on to the final products described by 
Formula lb according to the procedures described in Schemes 
14-17 . 
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Scheme 18 



XX 




(87) 



Pd ( PPh 3 ) 4 , benzene/H 2 0 

base, phase transfer catalyst 




86 



88 




B-B(OH) 2 90 



Z— A — Br 



Pd ( PPh 3 ) 4 , benzene / H 2 0 

base, phase transfer catalyst 




Z-A- B 



Groups A and B are available either through commercial 
sources, known in the literature or readily synthesized by 
the adaptation of standard procedures known to practioners 
skilled in the art of organic synthesis. The required 

10 reactive functional groups appended to analogs of A and B 
are also available either through commercial sources, known 
in the literature or readily synthesized by the adaptation 
of standard procedures known to practioners skilled in the 
art of organic synthesis. In the tables that follow the 

15 chemistry required to effect the coupling of A to B is 
outlined. 



Table A: Preparation of Amide, Ester, Urea, Sulfo nami de and 



Rxn. 
No. 


if A contains : 


then the 
reactive 
substituent of 
Y is : 


to give the 
following product 
A-X-Y : 


1 


A-NHR 2 as a 
substituent 


C1C(0)-Y 


A-NR 2 -C<0)-Y 
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2 


a secondary NH 
as part of a 
rincr or chain 


C1C(0)-Y 


A-C(0)-Y 


3 


A-OH as a 
substituent 


C1C(0)-Y 


A-0-C(0)-Y 


4 


A-NHR 2 as a 
substituent 


CIC(O) -CR 2 R 2 ' -Y 


A-NR 2 -C(0) -CR 2 R 2 ' -Y 


5 


a secondary NH 
as part of a 
ring or chain 


ClC(0)-CR 2 R 2 '-Y 


A-C(0)-CR 2 R 2 '-Y 


6 


A-OH as a 
substituent 


C1C(0)-CR 2 R 2, -Y 


A-0-C(0)-CR 2 R 2 '-Y 


7 


A-NHR 3 as a 
substituent 


C1C{0)NR 2 -Y 


A-NR 2 -C(0)NR 2 -Y ! 


8 * 


a secondary NH 
as part of a 
ring or chain 


C1C(0)NR 2 -Y 


A-C(0)NR 2 -Y 


9 


A-OH as a 
substituent 


C1C(0)NR 2 -Y 


A-0-C(0)NR 2 -Y 


10 


A-NHR 2 as a 
substituent 


C1S02-Y 


A-NR 2 -S02-Y 


11 


a secondary NH 
as part of a 
ring or chain 


C1S02-Y 


A-S02-Y 


12 


A-NHR 2 as a 
substituent 


C1S02-CR 2 R 2, -Y 


A-NR 2 -S02-CR 2 R 2 '-Y 


13 


a secondary NH 
as part of a 
ring or chain 


C1S02-CR 2 R 2 '-Y 


A-S02-CR 2 R 2 '-Y 


14 


A-NHR 2 as a 
substituent 


C1S02-NR 2 -Y 


A-NR 2 -S02-NR 2 -Y 


15 


a secondary NH 
as part of a 
ring or chain 


C1S02-NR 2 -Y 


A-S02-NR 2 -Y 


16 


A-C(0)C1 


HO-Y as a 
substituent 


A-C(0)-0-Y 
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17 


A-C(0)C1 


NHR 2 -Y as a 
substituent 


A-C(O) -NR 2 -Y 


18 


A-C(0)C1 


a secondary NH 
as part of a 
rinq or chain 


A-C(0)-Y 


19 


A-CR 2 R 2 'C<0)C1 


HO-Y as a 
substituent 


A-CR 2 R 2 'C(0)-O-Y 


20 


A-CR 2 R 2 'C(0)C1 


NHR 2 -Y as a 
substituent 


A-CR 2 R 2 *C(0) -NR 2 -Y 


21 


A-CR 2 R 2 'C(0)C1 


a secondary NH 
as part of a 
rinq or chain 


A-CR 2 R 2 'C(0)-Y 


22 


A-S02C1 


NHR 2 -Y as a 
substituent 


A-S02~NR 2 -Y 


23 


A-S02C1 


a secondary NH 
as part of a 
rinq or chain 


A-S02-Y 


24 


A-CR 2 R 2 ' S02C1 


NHR 2 -Y as a 
substituent 


A-CR 2 R 2 'S02-NR 2 -Y 


25 


A-CR 2 R 2 1 S02C1 


a secondary NH 
as part of a 
rinq or chain 


A-CR 2 R 2, S02-Y 



The chemistry of Table A can be carried out in aprotic 
solvents such as a chlorocarbon, pyridine, benzene or 
toluene, at temperatures ranging from -20 C to the reflux 
5 point of the solvent and with or without a trialkylamine 
base. 
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Table B: Preparation of ketone linkages between A and B. 







then the reactive 


to give the 


Rxn . 




substituent of 


following product 


No. 


if A contains : 


Y is : 


A-X-Y : 


1 


A-C(0)C1 


BrMq-Y 


A-C(0)-Y 


2 


A-CR 2 R 2 'C(0)C1 


BrMcr-Y 


A-CR 2 R 2 '2C(0)-Y 


3 


A-C(0)C1 


BrMqCR 2 R 2 ' -Y 


A-C (0) CR 2 R 2 ' -Y 


4 


A-CR 2 R 2 'C(0)Cl 


BrMgCR 2 R 2 ' -Y 


A-CR 2 R 2 'C(0)CR 2 R 21 - 
Y 



The coupling chemistry of Table B can be carried out by 
a variety of methods. The Grignard reagent required for Y 
5 is prepared from a halogen analog of Y in dry ether, 

dime thoxye thane or tetrahydrof uran at 0 C to the reflux 
point of the solvent. This Grignard reagent can be reacted 
directly under very controlled conditions, that is low 
temeprature (~20"c or lower) and with a large excess of acid 

10 chloride or with catalytic or stoichiometric copper 

bromide •dimethyl sulfide complex in dimethyl sulfide as a 
solvent or with a variant thereof. Other methods available 
include transforming the Grignard reagent to the cadmium 
reagent and coupling according to the procedure of Carson 

15 and Prout (Org. Syn. Col. Vol. 3 (1955) 601) or a coupling 
mediated by Fe(acac)3 according to Fiandanese et 
al. (Tetrahedron Lett., (1984) 4805), or a coupling mediated 
by manganese (II) catalysis (Cahiez and Laboue, Tetrahedron 
Lett., 33(31), (1992) 4437). 

20 
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Table C: Preparation of ether and thioether linkages 



between A and B 



Rxn . 
No. 


if A contains : 


cnen uric icotuivc 
substituent of 
Y is : 


to aive the 
following 
product A-X-Y : 


1 


A-OH 


Br-Y 


A-O-Y 


2 


A-CR 2 R 2 ' -OH 


Br-Y 


A-CR 2 R 2# 0-Y 


3 


A-OH 


Br-CR 2 R 2 ' -Y 


A-OCR 2 R 2 ' -Y 


4 


A-SH 


Br-Y 


A-S-Y 


5 


A-CR 2 R 2 ' -SH 


Br-Y 


A-CR 2 R 2 ' S-Y 


6 


A-SH 


Br-CR 2 R 2 ' -Y 


A-SCR 2 R 2 '-Y 



The ether and thioether linkages of Table C can be 
5 prepared by reacting the two components in a polar aprotic 
solvent such as acetone, dimethyl formamide or 
dimethylsulfoxide in the presence of a base such as 
potassium carbonate, sodium hydride or potassium t-butoxide 
at temperature ranging from ambient temperature to the 
10 reflux point of the solvent used. 



Table D: Preparation of -SO- and -S02- linkages from 
tbioethers of Table 3. 



Rxn. 
NO. 


if the 
starting 
material is : 


and it is oxidized 
with Alumina (wet)/ 
Oxone (Greenhalgh, 
Synlett, (1992) 235) 
the product is : 


and it is oxidized 
with m-chloroper- 
benzoic acid (Satoh 
et al. , Chem. Lett . 
(1992) 381), the 
product is : 


1 


A-S-Y 


A-S(0)-Y 


A-S02-Y 


2 


A-CR 2 R 2 ' S-Y 


A-CR 2 R 2 'S(0)-Y 


A-CR 2 R 2, S02-Y 


3 


A~SCR 2 R 2 ' -Y A-S (0) CR 2 R 2 ' -Y 


A-S02CR 2 R 2 ' -Y 



15 The thioethers of Table C serve as a convenient 

starting material for the preparation of the sulfoxide and 
sulfone analogs of Table D. A combination of wet alumina 
and oxone provides a reliable reagent for the oxidation of 
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the thioether to the sulfoxide while m-chlorcperbenzoic acid 
oxidation will give the sulfone. 

Other features of the invention will become apparent in 
5 the course of the following descriptions of exemplary 
embodiments which are given for illustration fo the 
invention and are not intended to be limiting thereof. 

EXAMPLES 

10 Example 1 

trans- 1 -bens Yl - 3 -caybome t;hp^y-4 - (3- 

amidinophenvl) pyrrolidine, bistrif luoroacetic acid salt. 

15 Part A. Preparation of methyl trans-3-cyanocinnamate . 

To a solution of 3-cyanobenzaldehyde (10.0 g, 76 mmol) 
in 500 mL of methylene chloride was added methyl (triphenyl- 
phosphoranylidene) acetate (25.4 g, 76 mmol). The mixture 

20 was allowed to stir at room temperature for 16 h. The 

solvent was removed in vacuo and the residue was taken up in 
hexane/ethyl acetate and filtered through a large pad of 
silica gel. The solution was concentrated to afford 12.75 g 
(89%) of the cinnamate as a white solid which was 

25 sufficiently pure for further reactions. 
MS (H 2 0-GC/MS) : 188 (M+H) + . 

Part B. Preparation of N-benzyl-N- 
(trimethylsilylmethyl) aminomethyl methyl ether. 

30 

To a stirred mixture of methanol (1.25 mL, 31 mmol) and 
37% aqueous formaldehyde (2.56 mL, 31 mmol) at 0° C was 
added N-benzyl-N- ( trimethylsily lme thy 1) amine (5.0 g, 26 
mmol) dropwise over 5 minutes. The resulting mixture was 
35 stirred for 2 h. Anhydrous potassium carbonate (1.02 g, 7.4 
mmol) was added and the mixture was stirred at 0° C for 30 
min. The reaction mixture was diluted with water and 
extracted twice with ether. The combined organic extracts 

53 



WO 98/06694 



PCTOJS97/14222 



were washed with brine, dried over sodium sulfate and 
concentrated in vacuo to afford 5.6 g (92%) of the title 
compound. 1 H NMR (CDC1 3 ) : 5 7.30-7.15 (m. 5H) . 3.95 (s, 
2H), 3.71 <s, 2H>, 3.19 (s, 3H) , 2.14 (s, 2H) . 

5 

Part C. Preparation of trans- 1 -benzyl -3 -car borne thoxy-4- (3- 
cyanophenyl ) pyrrolidine . 

To a solution of N-benzyl-N- 
(trimethylsilylmethyl)aminomethyl methyl ether (1.64 g, 6.9 
mmol) in 20 mL of methylene chloride at 0° C was added 
methyl trans-3-cyanocinnamate (0.99 g, 5.3 rranol) followed by 
trifluoroacetic acid (0.041 mL, 0.53 mmol) . The mixture was 
allowed to warm to room temperature and was stirred for 2 h. 
The reaction mixture was diluted with methylene chloride, 
washed with saturated aqueous NaHC0 3 and brine, dried over 
K 2 C0 3 and concentrated in vacuo to afford 1.67 g (98%) of the 
title compound which was sufficiently pure for further 
reactions. MS (ESI) 321.1 (M+H)+. 

Part D. Preparation of trans-l-benzyl-3-carbomethoxy-4- (3- 
amidinophenyl) pyrrolidine, bistrif luoroacetic acid salt. 

A solution of trans- 1 -benzyl- 3-carbome thoxy-4- (3- 
25 cyanophenyl) pyrrolidine (150 mg, 0.47 mmol) in 10 mL of 
anhydrous methanol and 3 0 mL of anhydrous chloroform was 
cooled to -10° C. Anhydrous HC1 gas was bubbled through the 
solution for about 3 0 min (until solution saturated). The 
flask was then sealed and allowed to stand for 16 h at 0° C. 
30 The reaction mixture was concentrated in vacuo. The 

resulting solid was dissolved in 20 mL of anhydrous methanol 
and ammonium carbonate (0.26 g, 2.8 mmol) was added and the 
mixture was allowed to stir at room temperature for 24 h. 
The reaction mixture was concentrated in vacuo and purified 
35 by prep HPLC (C18 reverse phase column, elution with a 

H2O/CH3CN gradient with 0.5% TFA) to afford 23 mg (13%) of 
the title compound as a white powder. MS (ESI) 169.8 
(M+2HJ2+. 
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Example 2 

trans- 1- <4-ami dinophenvl )methvl-3-carbomethoxv-4- (3- 
5 amidinophenvl) pyrrolidine, bistrif luoroacetic acid salt - 

Part A. Preparation of trans-1- tert-butyloxycarbonyl-3- 
carbomethoxy-4 - ( 3 -cyanophenyl ) pyrrolidine . 

10 To a solution of trans-l-benzyl-3-carbomethoxy-4- (3- 

cyanophenyl) pyrrolidine from Example 1, Part C (2.56 g, 8.00 
mmol) in 250 mL of absolute ethanol was added 10% palladium 
on carbon (0.5 g) and di- tert-butyldicarbonate (1.92 g, 8.80 
mmol) . This mixture was allowed to stir under 1 atm of 

15 hydrogen (maintained by a balloon) for 24 h. The reaction 
mixture was filtered through a pad of celite and 
concentrated in vacuo to afford 2.6 g (98%) of the title 
compound which was sufficiently pure for further reactions . 
MS (ESI) 331.3 (M+H)+. 

20 

Part B. Preparation of trans-3 -carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trif luoroacetic acid salt. 

To a solution of trans-1- tert-butyloxycarbonyl-3- 
25 carbomethoxy-4- (3 -cyanophenyl) pyrrolidine in 50 mL of 

methylene chloride was added 50 mL of trif luoroacetic acid. 
The resulting solution was allowed to stir at room 
temperature for 4 h and then was concentrated in vacuo to 
afford 2.75 g (99%) of the title compound which was 
30 sufficiently pure for further reactions. MS (ESI) 231.2 
(M+H) + . 

Part C. Preparation of trans-1- (4 -cyanophenyl )methyl-3- 
carbomethoxy-4- ( 3 -cyanophenyl ) pyrrolidine . 

35 

To a solution of trans- 3 -carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trif luoroacetic acid salt (0.52 g, 
1.5 mmol) in 50 mL of acetonitrile was added 4-cyanobenzyl 
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bromide (0.29 g, 1.5 mmol) and sodium bicarbonate (0.32 g, 
3.8 mmol) . The resulting mixture was stirred at 80° C for 
16 h. The mixture was allowed to cool to room temperature 
and the acetonitrile was removed in vacuo. The residue was 
5 diluted with ethyl acetate, washed with H2O and brine, dried 
over MgS04 and concentrated in vacuo. The residue was 
purified by flash chromatography (elution gradient with 5:1 
to 2:1 hexanes/ethyl acetate) to afford 0.113 g (22%) of the 
title compound. MS (ESI) 346.2 (M+H)+. 

10 

Part D . Preparation of trans-1- (4-amidinophenyl)methyl-3- 
carbomethoxy-4- ( 3 -amidinophenyl ) pyrrolidine , 
bistrif luoroacetic acid salt. 

15 By the procedure described in Example 1, Part D, trans- 

1- (4-cyanophenyl)methyl-3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine (0.114 g f 0.33 mmol) was treated 
with HC1 /methanol and then with ammonium carbonate (0.32 g, 
3.3 mmol) to afford after HPLC purification (C18 reverse 

20 phase column, elution with a H 2 0/CH 3 CN gradient with 0.5% 

TFA) 0.032 g (21%) of the title compound as a white powder. 
MS (ESI) 190.8 (M+2H)2+. 

Example 3 

25 

f 12 ' -ami nnsulf onvl- [ 1 ■ 1 ' 1 -biphenvl-4 -yl ) metfrvl 1 zlz 
rarbomethoxv-4 - ( 1 -amidi nonhenvl ) pyrrolidine , 
bistrif luoroacetic acid gait, 

30 Part A. Preparation of N- (4-bromobenzyl) -N- 
( trimethylsilylmethy 1 ) amine . 

To a solution of ( trimethylsilyl)methylamine (10.7 mL, 
80 mmol) in 500 mL of tetrahydrof uran was added 4- 
35 bromobenzyl bromide (5.0 g, 20 mmol) and sodium bicarbonate 
(3.4 g, 40 mmol) . The resulting mixture was stirred at 65° 
C for 16 h. The reaction mixture was allowed to cool to 
room temperature and concentrated in vacuo. The residue was 
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dissolved in ethyl acetate, washed with H2O and brine, dried 
over MgS04 and concentrated in vacuo to afford 5.4 g (98%) 
of the title compound which was sufficiently pure for 
further reactions. *H NMR (CDCI3) : 8 7.40 (d, 2H) , 7.15 <d, 

5 2H), 3.70 (s, 2H), 1.98 (s, 2H) , 1.08 (broads, 1H) , 0.0 (s, 
9H) . 

Part B. Preparation of N- ( 4 -bromobenzyl ) -N- 
( tr ime thy 1 si lylme thy 1) aminomethyl methyl ether. 

10 

To a stirred mixture of methanol (1-32 mL, 32.4 .mmol) 
and 37% aqueous formaldehyde (2.63 mL, 32.4 mmol) at 0°. C 
was added N- ( 4 -bromobenzyl ) -N- ( tr imethylsilylmethyl ) amine 
(7.35 g, 27.0 mmol) dropwise over 15 minutes. The resulting 

15 mixture was stirred for 3 h. Anhydrous potassium carbonate 
(1.04 g, 7.56 mmol) was added and the mixture was stirred at 
0° C for 1 h. The reaction mixture was diluted with water 
and extracted twice with ether. The combined organic 
extracts were washed with brine, dried over sodium sulfate 

20 and concentrated in vacuo to afford 8.52 g (99%) of the 

title compound. 1 H NMR {CDCI3) : 5 7.48 (d, 2H) , 7.15 (d, 
2H) , 3.95 (s, 2H) , 3.66 (s, 2H) , 3.19 (s, 3H) , 2.11 (s, 2H) , 
0.0 (s, 9H) . 

25 Part C. Preparation of trans-1- (4 -bromobenzyl) -3- 
carbomethoxy-4 - ( 3 -cyanophenyl ) pyrrolidine . 

To a solution of N- (4 -bromobenzyl ) -N- 
(trimethylsilylmethyl) aminomethyl methyl ether (13.85 g, 

30 43.8 mmol) in 300 mL of methylene chloride at 0° C was added 
methyl trans-3-cyanocinnamate from Example 1, Part A (7.13 
g, 38.1 mmol) followed by trif luoroacetic acid (0.30 mL, 3.8 
mmol) . The mixture was allowed to warm to room temperature 
and was stirred for 2 h. The reaction mixture was diluted 

35 with methylene chloride, washed with saturated aqueous 

NaHC03 and brine, dried over K2CO3, filtered through a large 
pad of silica gel and concentrated in vacuo to afford 13.2 g 
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(86%) of the title compound which was sufficiently pure for 
further reactions. MS (ESI) 399.2/401.2 (M+H) + . 

Part D. Preparation of trans-1- [ (2 ' - tert- 
5 butylaminosul f ony 1 - [ 1 , 1 • ] -bipheny 1 - 4 -y 1 ) methyl ] - 3 - 
carbome thoxy- 4 - ( 3 - cyanopheny 1 ) pyrrol idine . 

To a solution of trans-1- (4-bromobenzyl) -3- 
carbomethoxy-4- (3 -cyanophenyl) pyrrolidine (1.0 g, 2.5 mmol) 

10 in 50 mL of benzene was added 2-(tert- 

butylaminosulfonyDphenylboronic acid (0.90 g, 3.5 mmol), 
tetrabutylammonium bromide (0.04 g, 0.12 mmol) , sodium 
carbonate (0.79 g, 7.5 mmol) and 8.2 mL of H2O. This 
mixture was degassed with a stream of nitrogen and then 

15 tetrakis (triphenylphosphine) palladium (0.14 g, 0.12 mmol) 

was added and the reaction mixture was stirred at 80° C for 
6 h. The mixture was allowed to cool to room temperature 
and then was diluted with ethyl acetate, washed with H 2 0 and 
brine, dried over MgS04 and was concentrated in vacuo. The 

20 residue was purified by flash chromatography (elution with 
3:1 hexanes/ethyl acetate) to afford 0.65 g (49%) of the 
title compound. MS (ESI) 532.2 (M+H)+. 

Part E. Preparation of trans-1- [ (2 ' - amino su 1 f ony 1- [1 , 1 '] - 
25 bipheny 1 - 4 -yl) methyl] -3-carbomethoxy-4- (3- 

amidinophenyl) pyrrolidine, bistrif luoroacetic acid salt. 

A solution of trans-1- ( (2 ' - tert-butylaminosulfonyl- 
[1,1'] -biphenyl- 4 -yl) methyl] -3-carbomethoxy-4- (3- 

30 cyanophenyl) pyrrol idine (0.195 g, 0.37 mmol) in 20 mL of 

trifluoroacetic acid was stirred at 70° C for 1 h and then 
was allowed to cool to room temperature and was concentrated 
in vacuo. 1 H NMR (CDCI3) indicated complete removal of the 
tert-butyl group. The crude residue was dissolved in 8 mL 

35 of anhydrous methanol and 25 mL of chloroform and was cooled 
to 0° C. Anhydrous HCl gas was bubbled through the solution 
for about 30 min (until solution saturated) . The flask was 
then sealed and allowed to stand for 16 h at 0° C. The 
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reaction mixture was concentrated in vacuo. The resulting 
solid was dissolved in 35 mL of anhydrous methanol and 
ammonium carbonate (0.16 g, 1.65 mmol) was added and the 
mixture was allowed to stir at room temperature for 24 h. 
5 The reaction mixture was concentrated in vacuo and purified 
by prep HPLC (CI 8 reverse phase column, elution with a 
H 2 0/CH 3 CN gradient with 0.5% TFA) to afford 112 mg (47%) of 
the title compound as a white powder. MS (ESI) 247.2 
(M+2H)2+. 

10 

Example 4 

(3S. 4R) -1- f (2 ; -aminosulfonvl- fl . 1 ' 1 -biphenvl-4-vl)m ethvl1 -3- 
qaybornethoxY-4 - ( 3 -^icfanQphqnyl ) pyrrolidine . 
15 bistrifluoroacetic acid salt. 

Part A. Preparation of [3aS- [1 (E) , 3a<X, 6a, 7a£] ] -hexahydro- 
8, 8-dimethyl-l- [l-oxo-3- (3-cyanophenyl) -2-propenyl] -3H-3a, 6- 
methano-2 , l-benzisothiazole-2, 2 -dioxide. 

20 

To a solution of (IS) - (-) -2, 10-camphorsultam (3.0 g, 
13.9 mmol) in 50 mL of toluene was added trimethylaluminum 
(6.97 mL of a 2M solution in toluene, 13.9 mmol) dropwise. 
The resulting solution was stirred at room temperature for 
25 about 2 h or until gas evolution had ceased. There was then 
added methyl trans- 3 -cyanocinnamate from Example 1, Part A 
(2.6 g, 13.9 mmol) and the mixture was stirred at 60° C for 
16 h. The reaction mixture was allowed to cool to room 
temperature and was quenched by the addition of saturated 
30 aqueous NH4CI. The reaction was diluted with ethyl acetate 
and the organic layer was washed with brine, dried over 
MgS04 and concentrated in vacuo. The residue was 
recrystallized from hexanes/ethyl acetate to afford 3.65 g 
(70%) of the title compound as a white solid. MS (ESI) 
371.3 (M+H)+. 

Part B. Preparation of [3aS- [1(3S*,4J**) ,3aa, 6a,7a|J] ) -1- [ [1- 
{ 4 -bromobenzyl ) -4 - ( 3 -cyanophenyl ) -3 - 
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pyrrolidinyl]carbonyl] hexahydro-8, 8 -dimethyl -3tf-3a., 6- 
methano-2 , l-benzisothiazole-2 , 2-dioxide . 

To a solution of [3aS- [1 (E) , 3aa, 6a, 7ap] ] -hexahydro-8, 8- 
5 dimethyl - 1 - [ 1 -oxo-3 - ( 3 -cyanophenyl ) - 2 -propeny 1 ] -3tf-3a, 6- 

methano-2, l-benzisothiazole-2, 2-dioxide {2.0 g, 5.4 mmol) in 
40 mL of methylene chloride was added N- (4-bromobenzyl) -N- 
( trimethylsilylmethyl)aminomethyl methyl ether from Example 
3, Part B (2.1 g, 6.7 mmol) and trif luoroacetic acid (0.042 

10 mL, 0.54 mmol). The resulting solution was stirred at room 
temperature for 2 h and then was concentrated in vacuo. The 
residue was taken up in ethyl acetate, washed with saturated 
aqueous NaHC0 3 and brine, dried over MgS0 4 and concentrated 
in vacuo. The residue was purified by flash chromatography 

15 (elution with 7:1 to 2:1 hexanes/ ethyl acetate gradient) to 
afford 1.8 g (57%) of the title compound as the major 
diastereomer . MS (ESI) 582.2/584.2 (M+H)+. Also isolated 
was 0.8 g (25%) of a minor diastereomer which is presumed to 
be [3 a5- [ 1 (3K* , 4S* ) , 3aa, 6a, 7aP] ] -1- [ [ 1- (4-bromobenzyl ) -4- (3- 

20 cyanophenyl) -3 -pyrrol idinyljcarbonyl] hexahydro-8, 8-dimethyl- 
3H-3a, 6-methano-2, l-benzisothiazole-2, 2-dioxide. MS (ESI) 
582.2/584.2 (M+H)+. 

Part C. Preparation of [3aS- [ 1 (3S* , 4R* ) , 3aa, 6a, 7ap] ] -1- [ [ 1- 
25 [ ( 2 ' - ter t-bu ty laminosul f ony 1 -[1,1') -bipheny 1 - 4 -y 1 ) methyl ] - 4 - 
(3 -cyanophenyl) -3-pyrrolidinyl]carbonyl]hexahydro-8, 8- 
dimethyl-3H-3a, 6-methano-2 , l-benzisothiazole-2 , 2-dioxide . 

[3aS- 1 1 (3S* , 4K* ) , 3aa, 6a, 7ap] ] -1- [ [1- (4-bromobenzyl) -4- 
30 (3 -cyanophenyl) -3 -pyrrolidinyl] carbonyl] hexahydro-8 , 8- 
dimethyl-3H-3a, 6-methano-2 , l-benzisothiazole-2 , 2-dioxide 
(0.58 g, 1.0 mmol) was converted into the title compound 
(0.40 g, 56%) following the procedure described in Example 
3, Part D. MS (ESI) 715.4 (M+H) + . 
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Part D. Preparation of (3S, 4R) -1- [ (2 ■ - tert- 
butylaminosulfonyl- [1,1* ] -biph enyl - 4 -yl) methyl] -4- (3- 
cyanophenyl ) pyrrol idin- 3 -ylcarboxy lie acid . 

5 To a solution of [3aS- [1 (3S* , 4i?*) , 3aa, 6a, 7aP)J -1- [ [1- 

[ (2 ' -tert-butylaminosulfonyl- [1,1*] -biphenyl- 4 -yl) methyl] -4- 
(3-cyanophenyl) -3-pyrrolidinyl]carbonyl]hexahydro-8, 8- 
dimethyl-3tf-3a, 6-methano-2 , l-benzisothiazole-2 , 2 -dioxide 
(0.35 g, 0.49 mmol) in 10 mL of tetrahydrofuran and 5 mL of 

10 H2O was added lithium hydroxide monohydrate (62 mg, 1.47 
mmol) . The resulting mixture was stirred at room 
temperature for 16 h. The mixture was concentrated in 
vacuo, diluted with H2O and saturated aqueous HaHC03 and 
extracted with hexane. The organic layer was discarded and 

15 the aqueous layer was acidified to about pH 6 and extracted 
twice with ethyl acetate. The combined ethyl acetate 
extracts were washed with brine, dried over MgS04 and 
concentrated in vacuo to afford 80 mg (32%) of the title 
compound. MS (ESI) 518.3 (M+H)+. 

20 

Part E. Preparation of (3S, AR) -1- [ (2 1 -aminosulf onyl- [1, 1 • ] - 
biphenyl - 4 -yl) methyl] -3-carbomethoxy-4- (3- 
amidinophenyl ) pyrrolidine, bistrif luoroacetic acid salt. 

25 {2S. AR) -1- [ (2 ' - tert-butylaminosulf onyl- [1, 1 • ] -biphenyl - 

4-yl) methyl] -4- (3-cyanophenyl)pyrrolidin-3-ylcarboxylic acid 
(50 mg, 0.1 mmol) was converted to the title compound 
following the procedure in Example 3, Part E to afford after 
HPLC purification 25 mg (35%). The enantiomeric excess was 

30 determined to be >99% by chiral HPLC analysis. 

Example 5 

(3K, 45) -1- f (2 ' -aminosulfonvl- fl , 1 ' 1 -biphenyl - 4 -vl imethvll - 3- 
35 carbomethoxv-4- ( 3 -amidinophenvl pyrr olidine. 
bistrif luoroacetic acid salt. 
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The title compound was prepared by the identical 
sequence of reactions described in Example 4 except that in 
Part A {1R) - { + ) -2 , 10-camphorsultam was used as the chiral 
auxiliary. Chiral HPLC analysis of the title compound 
5 showed the enantiomeric excess to be >99%. MS (ESI) 247.3 
(M+2H)2+. 

Example 6 

10 trans-1- f (2 ' -aminosulf onvl- [ 1 , 1 ' 1 -biphenvl-4-vl)methvl1 -4- 
( 3 -amidinoohenvl ) pyrrol idin- 3 - vlcarboxvlic acid , 
frigtrj^uoroflcetic flgjd sfrlt. 

To a solution of trans-1- [ (2 ' -aminosulf onyl- [1, 1 ■ ] - 

15 biphenyl- 4 -yl) methyl] -3-carbomethoxy-4- (3- 

amidinophenyl) pyrrolidine, bistrif luoroacetic acid salt from 
Example 3, Part E (100 mg, 0.14 mmol) in 20 mL of 
tetrahydrofuran and 10 mL of H2O was added lithium hydroxide 
monohydrate (40 mg, 0.96 mmol). The resulting mixture was 

20 allowed to stir at room temperature overnight. The reaction 
mixture was concentrated in vacuo and the residue was 
purified by prep HPLC (C18 reverse phase column, elution 
with a H2O/CH3CN gradient with 0.5% TFA) to afford 25 mg 
(25%) of the title compound as a white powder. MS (ESI) 

25 240.2 (M+2H)2+. 

Example 7 

C«ffls-i- f (2 ■ -MiinoawJlfonYJ.- f !■ 1 ' 1 -bipbenYW-YiU methyl 1 -4- 

30 ( 3 -amidinophenvl ) ovrrolidin- 3 -vlcarboxvl ic amide , 
^strAfluoiTQacgti.g acj.d salt, 

Part A. Preparation of trans-1- [ (2 ■ -aminosulf onyl- [1 , 1 ' ] - 
biphenyl-4-yl) methyl] -3-carbomethoxy-4- (3- 
35 cyanophenyl) pyrrolidine, tr if luoroacetic acid salt. 

A solution of trans-1- [ (2 ' - tert-butylaminosulf onyl- 
[1,1 • ] -biphenyl -4 -yl) methyl] -3-carbomethoxy-4- (3- 
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cyanophenyl) pyrrolidine from Example 3, Part D (1.28 g, 2.4 
mmol) in 20 mL of trif luoroacecic acid was stirred at 70° C 
for 1 h and then was allowed to cool to room temperature and 
was concentrated to afford 1.0 g (88%) of the title 
5 compound. MS (ESI) 476.2 (M+H)+. 

Part B. Preparation of trans-1- [ (2 1 -aminosulf onyl- [1, 1 ' ) - 
biphenyl -4 -yl ) methyl ] -4 - ( 3 -cyanophenyl ) pyrrol idin- 3 - 
ylcarboxylic acid. 

10 

To a solution of trans-1- [ (2 * -aminosulf onyl- [1, 1 ' ] - 
biphenyl -4 -yl) methyl] -3-carbomethoxy-4- (3- 

cyanophenyl) pyrrolidine, trif luoroacetic acid salt (0.504 g, 
1.06 mmol) in 40 mL of tetrahydrof uran and 20 mL of H2O was 

15 added lithium hydroxide monohydrate (0.13 g, 3.18 mmol). 
The resulting mixture was allowed to stir at room 
temperature for 16 h. The tetrahydrof uran was removed in 
vacuo and the residue was taken up in H2O and saturated 
aqueous NaHCC>3 and washed once with hexane. The organic 

20 layer was discarded. The aqueous layer was acidified with 
aqueous HC1 to about pH 6 and extracted twice with ethyl 
acetate. The ethyl acetate extracts were washed with brine, 
dried over MgS0 4 and concentrated in vacuo to afford 0.29 g 
(59%) of the title compound which was sufficiently pure for 

25 further reactions. MS (ESI) 462.2 (M+H)+. 

Part C. Preparation of trans-1- [ (2 ' -aminosulf onyl- [ 1 , 1 '] - 
biphenyl- 4 -yl) methyl] -4- (3 -cyanophenyl) pyrrol idin -3- 
ylcarboxylic amide. 

30 

To a solution of trans- 1- [ (2 ' -aminosulf onyl- [1, 1 '] - 
biphenyl -4 -yl) methyl] -4- (3 -cyanophenyl )pyrrolidin~3- 
ylcarboxylic acid (0.166 g, 0.36 mmol) in 10 mL of 
tetrahydrof uran at -78° C was added N-methylmorpholine (0.08 
35 mL, 0.72 mmol) and isobutyl chlorof ormate (0.05 mL, 0.36 
mmol) . The resulting solution was allowed to stir for 30 
min and then there was added 2M ammonia in methanol (0.70 
mL, 1.08 mmol) . The reaction mixture was allowed to slowly 
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warm to room temperature and then was stirred for 6 h. The 
solvent was removed in vacuo. The residue was taken up in 
ethyl acetate, washed with saturated aqueous NaHCCh and 
brine, dried over MgS04 and concentrated in vacuo to afford 
5 0.144 g (87%) of the title compound which was sufficiently 
pure for further reactions. MS (ESI) 461.3 (M+H)+. 

Part D. Preparation of trans- 1- [ (2 ' -aminosulf onyl- [1, 1 ■ ) - 
biphenyl- 4 -yl) methyl] -4- (3-amidinophenyl)pyrrolidin-3- 
10 ylcarboxylic amide, bistrif luoroacetic acid salt. 

A solution of trans-1- [ (2 • -aminosulf onyl- [1, 1 1 ] - 
biphenyl -4 -yl) methyl] - 4- (3-cyanophenyl)pyrrolidin-3- 
ylcarboxylic amide (0.143 g, 0.31 mmol) in 50 mL of 

15 anhydrous methanol was cooled to 0° C. Anhydrous HC1 gas 
was bubbled through the solution for about 30 min (until 
solution saturated) . The flask was then sealed and allowed 
to stand for 16 h at 0° C. The reaction mixture was 
concentrated in vacuo. The resulting solid was dissolved in 

20 20 mL of anhydrous methanol and ammonium carbonate (0.15 g, 
1.55 mmol) was added and the mixture was allowed to stir at 
room temperature for 24 h. The reaction mixture was 
concentrated in vacuo and purified by prep HPLC (C18 reverse 
phase column, elution with a H2O/CH3CN gradient with 0.5% 

25 TFA) to afford 27 mg (18%) of the title compound as a white 
powder. MS (ESI) 239.8 (M+2H)2+. 

Example 8 

30 trans-1-1 (2 '-aminosulf onvl- ri . 1 ' 1 -biph envl-4-vl) methyl! -4- 
( 3 -amidinpphenYl } pyrrolidine -y icarbcotyijc N , W- 
dimethvlamide. bistrif luoroacetic acid salt. 

Part A. Preparation of trans- 1- [ (2 ' -aminosulf onyl- [1. 1 '] - 
35 biphenyl -4 -yl) methyl] -4- (3-cyanophenyl)pyrrolidin-3- 
y lcarboxylic N , N-dimethylamide . 
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To a solution of trans-l- ( (2 ' -aminosulf onyl- [1, 1 ' ] - 
biphenyl -4 -yl) methyl] -4- (3-cyanophenyl)pyrrolidin-3- 
ylcarboxylic acid from Example 7, Part B (0.11 g, 0.24 mmol) 
in 20 mL of tetrahydrofuran at -78° C was added N- 
5 methylmorpholine (0.08 mL, 0.72 mmol) and isobutyl 

chloroformate (0.03 mL, 0.24 mmol). The resulting mixture 
was allowed to stir for 30 min and then dimethylamine 
hydrochloride (0.02 g, 0.24 mmol) was added and the mixture 
was allowed to slowly warm to room temperature and then was 

10 stirred for 16 h. The solvent was removed in vacuo. The 

residue was taken up in ethyl acetate, washed with saturated 
aqueous NaHC03 and brine, dried over MgSQ4 and concentrated 
in vacuo to afford 0.097 g (83%) of the title compound which 
was sufficiently pure for further reactions. MS (ESI) 489.3 

15 (M+H)+. 

Part B. Preparation of trans-l- [ (2 ' -aminosulf onyl- [1, 1 ' ] - 
biphenyl- 4 -yl) methyl] -4- (3-amidinophenyl)pyrrolidin-3- 
ylcarboxylic N,N-dimethylamide, bistrif luoroacetic acid 
20 salt. 

Following the procedure of Example 7, Part D, trans-1- 
[ (2 ' -aminosulf onyl- [1, 1 ■ ] -biphenyl-4-yl) methyl] -4- (3- 
cyanophenyl ) pyrrolidin-3 -ylcarboxylic N , N-dimethylamide 
25 (0.098 g, 0.20 mmol) was converted with HC1 gas/methanol and 
ammonium carbonate (0.10 g, 1.0 mmol) into the title 
compound (22 mg,. 22%) following HPLC purification. MS (ESI) 
253.8 (M+2H)2+. 

30 Example 9 

cis-1- r (2 ' -aminosulf onvl- fl , 1 ' 1 -biphenvl-4-vl )methvl 1 -3 - 

cflrfrpmqthojcY^ - ( 3 -flmiflinophenyl ) pyrrpiUcUm* , 

bjstri£Xuoroacet;4c frcifl s^lt- 

35 

Part A. Preparation of methyl cis-3-cyanocinnamate . 
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To a solution of bis (2,2 , 2- 
tr if luoroethyl ) (methoxycarbonylme thyl ) phosphonate (5.0 g , 
15.7 mmol) and 18-crown-6 (20.7 g, 78.5 mmol) in 300 mL of 
tetrahydrofuran at -78° C was added potassium 
5 bis (trimethylsilyl) amide (31.4 mL of a 0.5 M solution in 
toluene, 15.7 mmol) dropwise. After the addition was 
complete 3 -cyanobenz aldehyde (2.06 g, 15.7 mmol) was added 
and the resulting mixture was stirred for 30 minutes at -78° 
C. The reaction was quenched by the addition of saturated 
10 aqueous NH4CI and then extracted three times with ether. 
The combined ether extracts were washed with brine, dried 
over Na2S04 and concentrated in vacuo to afford 2.86 g (97%) 
of the product which was sufficiently pure for further 
reactions. 1 H NMR (CDCI3) 6 7.85 (s, 1H) , 7.76 (d, 1H) , 7.60 

15 (d, 1H), 7.45 (t, 1H), 6.93 (d, 1H) , 6.05 (d, 1H) , 3.70 (s, 
3H). 

Part B. Preparation of cis-1- [ (2 ' -aminosulf onyl- [ 1 , 1 1 ] - 
bipheny 1 -4 -y 1 ) methyl ] -3 -carbomethoxy-4 - ( 3 - 
20 amidinophenyl ) pyrrolidine, bistrif luoroacetic acid salt. 

Following the procedures described in Example 3, Parts 
C-E, methyl cis-3-cyanocinnamate was converted into the 
title compound, a white powder following HPLC purification. 
25 MS (ESI) 247.2 (M+2H) 2+ . 

Example 10 

gjfi-1- f (2 ' -aminosulf onvl- f 1 . 1 ' 1 -biphenvl-4-vl)methvl1 -4- (3- 
30 amidinophenyl ) ovrrolidin-3 -vlcarboxvlic acid , 
bistrif luoroacetic acid salt. 

Following the procedure described in Example 6, Part A, 
cis-1- [ (2 ' -aminosulf onyl- [1,1*] -biphenyl-4-yl)methyl] -3- 
35 carbomethoxy-4 - ( 3 -amidinophenyl ) pyrrolidine , 

bistrif luoroacetic acid salt (0.10 g, 0.14 mmol) was treated 
with lithium hydroxide monohydrate (0.04 g, 0.96 mmol) to 
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afford, after HPLC purification, 46 mg (46%) of the title 
compound as a white powder. MS (ESI) 240.2 (M+2H)2+. 

Example 11 

5 

trans-1- f (2 ' -aminosulf onvl- \ 1 . 1 ' 1 -bip henvl-4-vl ) methvl 1 -3- 
carboisopropoxv-4- ( 3-amidinophenvl ) pyrrolidine , 
bistrifluoroacetic acid salt. 

10 To a solution of trans-1- [ (2 ' -aminosulf onyl- [1 , 1 1 ) - 

biphenyl- 4 -yl) methyl] -3-carbomethoxy-4- (3- 
amidinophenyl) pyrrolidine, bistrifluoroacetic acid salt 
(0.50 g, 0.69 mmol) in 50 mL of isopropanol was added 
several drops of titanium (IV) isopropoxide . The resulting 

15 mixture was stirred at 80° C for 16 h. The reaction was 
allowed to cool to room temperature and the solvent was 
removed in vacuo. The residue was triturated with ether and 
then was purified by HPLC under the conditions described in 
Example 1 to afford 0.30 g (58%) of the title compound as a 

20 white powder. MS (ESI) 261.3 (M+2H)2+. 

Example 12 

trans-1- f (2 ; -aminosulf onvl- [ 1 , 1 ; 1 -biphenvl-4-vl 1 methvl 1 -3- 
25 carbobutoxv-4- ( 3 -amidinophenvl ) pyrrolidine , 
bistrifluoroacetic acid salt. 

To a solution of trans-1- [ (2 1 -aminosulf onyl- [1, 1 '] - 
biphenyl- 4 -yl ) methyl ] -3 -carbomethoxy-4- ( 3 - 

30 amidinophenyl) pyrrolidine, bistrifluoroacetic acid salt 

(0.50 g, 0.69 mmol) in 50 mL of n-butanol was added several 
drops of titanium (IV) isopropoxide. The resulting mixture 
was stirred at 115° C for 16 h. The reaction was allowed to 
cool to room temperature and the solvent was removed in 

35 vacuo. The residue was triturated with ether and then was 
purified by HPLC under the conditions described in Example 1 
to afford 0.32 g (60%) of the title compound as a white 
powder. MS (ESI) 268.4 (M+2H)2+. 
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Example 13 

trans- 1- f (2 ' -aminosulf onvl- f 1 . 1 ' 1 -biphenvl -4 -vl) methyl 1 -3- 
5 acetvl-4- ( 3 -amidinophenvl) pyrrolidine, bistrif luoroacetic 
acid salt, 

Part A. Preparation of (E) - 4- (3-cyanophenyl ) -3-buten-2-one . 

10 To a solution of 3-cyanobenzaldehyde (4.98 g, 38 mmol) 

in 250 mL of methylene chloride was added acetylmethylene 
triphenylphosphorane (12.1 g, 38 mmol) and the resulting 
mixture was allowed to stir at room temperature for 16 h. 
The solution was concentrated in vacuo and the residue was 

15 taken up in hexane/ethyl acetate and filtered through a 

large pad of silica gel. The solvents were removed in vacuo 
to afford 5.63 g (87%) of the title compound which was 
sufficiently pure for further reactions. 1 H NMR (CDCI3) 8 

7.8 (s, 1H), 7.76 (d, 1H) , 7.65 (d, 1H) , 7.53 (d, 1H) , 7.45 
20 (d, 1H), 6.75 (d, 1H), 2.40 (s, 3H) . 

Part B. Preparation of trans-1- [ (2 1 -aminosulf onyl- [1, 1 '] - 
biphenyl-4-yl) methyl] -3-acetyl-4- (3- 

amidinophenyl ) pyrrolidine, bistrif luoroacetic acid salt. 

25 

Following the procedures described in Example 3 , Parts 
C-E, (E) -4- (3-cyanophenyl) -3 -but en- 2 -one was converted to 
the title compound as a white solid following HPLC 
purification. MS (ES) 239.3 (M+2HJ2+. 

30 

Example 14 

trans- 1- [ (2 1 - aminosulf onvl- fl . 1 ' 1 -biphenvl -4 -vl ) methvl 1 -3 - 
carboe thoxv-3 -methvl - 4 - ( 3 -amidinophenvl ) pyrrol idine . 

Part A. Preparation of ethyl (E) -a-methyl-3-cyanocinnamate . 
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To a suspension of sodium hydride (0.5 g, 21 mmol) in 
50 mL of THF was added triethyl 2-phosphonopropionate (5.0 
g, 21 mmol) . The resulting mixture was stirred at room 
temperature until gas evolution ceased and the sodium 
5 hydride was consumed (about 1 h) . To the resulting clear 
solution was added 3 -cyanobenz aldehyde (2.75 g, 21 mmol) and 
the mixture was stirred at 60° C for 3 h. The reaction 
mixture was allowed to cool to room temperature and was 
diluted with ethyl acetate, washed with 10% aqueous HC1, 

10 saturated aqueous NaHC03 and brine, dried over MgSCU and 
concentrated in vacuo. The residue was purified by flash- 
chromatography (elution with 6:1 hexanes/ethyl acetate) to 
afford 2.8 g (62%) of the title compound. X H NMR (CDC1 3 ) : d 
7.65-7.48 (m, 5H) , 4.29 (q, J=7.2 Hz, 2H) , 2.09 (d, J=1.5 

15 Hz, 3H) , 1.35 (t, J=7.2 Hz, 3H) . MS (H 2 0-GC/MS) 216 (M+H) + . 



Part B. Preparation of trans-1- [ (2 ' -aminosulf onyl- [1, 1 ' ] - 
biphenyl -4 -yl) methyl] -3-carboethoxy-3-methyl-4- (3- 
amidinophenyl) pyrrolidine, bistrif luoroacetic acid salt. 

20 

Following the procedures of Example 3, Parts C-E, ethyl 
(E) -a-methyl-3-cyanocinnamate was converted into the title 

compound, a white powder following HPLC purification. MS 
(ESI) 261.3 (M+2H)2+. 

25 

Example 15 



f f2- (2-<?Yftn9Pnenylt;h^Q)phgnyJ.1<;flrbQnYl1 -3- 
carbomethoxv-4- ( 3 -amidinophenvl) pyrrolidine, trif luoroacetic 



Part A. Preparation of trans-1- [ [2- (2- 

cyanophenyl thio) phenyl ] carbonyl] -3-carbomethoxy-4- (3- 

cyanopheny 1 ) pyrrol idine . 

To a solution of trans-3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trif luoroacetic acid salt from 
Example 2, Part B ( 0.50 g, 1.45 mmol) in 25 mL of 
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dimethyl formamide was added 2- (2-cyanophenylthio) benzoic 
acid (0.37 g, 1.45 mmol), HBTU (0.55 g, 1.45 mmol) and 
diisopropylethylamine (0.56 mL, 3.19 mmol) . The resulting 
mixture was stirred at room temperature for 24 h. The 
5 reaction mixture was then diluted with ethyl acetate and 
washed twice with H2O, then once with 10% aqueous HC1, 
saturated aqueous NaHC03 and brine. The organics were dried 
over MgS04 and concentrated in vacuo. The residue was 
purified by flash, chromatography (elution gradient 3:1 
10 hexanes/ethyl acetate to 1:1 hexanes/ethyl acetate) to 

afford 0.41 g (60%) of the title compound. MS (ESI) 4 68.2 
(M+H) + . 

Part B. Preparation of trans-1- [ [2- (2- 
15 cyanophenyl thio) phenyl ] carbonyl] -3-carbomethoxy-4- (3- 
amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

Following the procedure of Example 7, Part D, trans-1- 
[ [2- (2-cyanophenylthio) phenyl] carbonyl] -3-carbomethoxy-4- (3- 
20 cyanophenyl) pyrrolidine (0.107 g, 0.23 mmol) was converted 
with HC1 gas/methanol and ammonium carbonate (0.22 g, 2.3 
mmol) into the title compound (33 mg, 29%) following HPLC 
purification. MS (ESI) 485.3 (M+H)+. 

25 Example 16 

trans-1- f f2 - (2-cvanophenvlthio) phenyl Imethvll -3 - 
carbomethoxv-4 - ( 3 -amidinoohenvl ) pyrrolidine , 
bistrif luoroacetic acid salt. 

30 

Part A. Preparation of 2- (2-cyanophenylthio) benzyl alcohol. 

To a solution of 2- (2-cyanophenylthio) benzoic acid 
(9.96 g, 39 mmol) in 300 mL of tetrahydrof uran at -15° C was 
35 added triethylamine (5.4 mL, 39 mmol) followed by 

isobutylchloroformate (5.1 mL, 39 mmol). The resulting 
mixture was stirred for 15 minutes and then was filtered 
into another flask and cooled to -15° C. Then there was 
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added sodium borohydride (2.95 g, 78 mmol) in 5 mL of H2O. 
The resulting mixture was allowed to stir at -15° C for 20 
minutes and then at room temperature for 1 h. The reaction 
was quenched with 10% aqueous HC1 and the solvent was 
5 removed in vacuo. The residue was taken up in ethyl 
acetate, washed with brine, dried over MgS04, filtered 
through a pad of silica gel and concentrated in vacuo to 
afford 7.03 g (75%) of the title compound which was 
sufficiently pure for further reactions. MS (NH3-DCI) 259 
10 <M+NH 4 ) + . 

Part B. Preparation of 2- (2-cyanophenylthio) benzyl bromide. 

To a solution of 2- (2-cyanophenylthio) benzyl alcohol 
15 (2.03 g, 8.3 mmol) in 100 mL of methylene chloride at 0° C 
was added carbon tetrabromide (3.02 g, 9.1 mmol) and 
triphenylphosphine (2.39 g, 9.1 mmol). The resulting 
mixture was allowed warm to room temperature and was stirred 
for 16 h. The reaction mixture was concentrated in vacuo, 
20 taken up in hexanes/ ethyl acetate, washed with brine, dried 
over MgS04, filtered through a pad of silica gel and 
concentrated. The residue was taken up in hexanes /ether and 
filtered through a pad of silica gel to remove residual 
triphenylphosphine oxide. Concentration in vacuo afforded 
25 2.49 g (98%) of the title compound which was sufficiently 
pure for further reactions. MS (NH3-DCI) 321/323 <M+NH 4 )+. 

Part C. Preparation of trans-1- [ [2- (2- 
cyanophenyl thio ) phenyl ] me thyl ] -3 -car borne thoxy-4 - ( 3 - 
3 0 cy anopheny 1 ) pyr r o 1 i dine . 

To a solution of crans~3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trif luoroacetic acid salt from 
Example 2, Part B ( 0.59 g, 1.7 mmol) in 50 mL of 
35 acetonitrile was added 2- (2-cyanophenylthio) benzyl bromide 
(0.52 g, 1.7 mmol) and sodium bicarbonate (0.43 g f 5.1 
mmol). The resulting mixture was stirred at 80° C for 16 h. 
The reaction was allowed to cool to room temperature and was 
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concentrated in vacuo. The residue was taken up in ethyl 
acetate, washed with H2O and brine, dried over MgS04 and 
concentrated in vacuo. The residue was purified by flash 
chromatography (elution gradient 5:1 hexanes/ethyl acetate 
5 to 2:1 hexanes/ethyl acetate) to afford 0.10 g (13%) of the 
title compound. MS (ESI) 454.2 (M+H)+. 

Part D. Preparation of trans-1- [ [2- (2- 
cyanophenylthio) phenyl] methyl] -3-carbomethoxy-4- (3- 
10 amidinophenyl) pyrrolidine, bistrif luoroacetic acid salt. 

Following the procedure of Example 7, Part D, trans- 1- 
[ [2- (2-cyanophenylthio)phenyl]methyl] -3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine (0.104 g, 0.23 mmol) was converted 
15 with HC1 gas/methanol and ammonium carbonate (0.10 g, 1.05 
mmol) into the title compound (12 mg, 10%) following HPLC 
purification. MS (ESI) 236.3 (M+2H)2+. 

Example 17 

20 

trans-l-r (2 ' -aminosulf onvl- f 1 ■ 1 ' 1 -bipfrenvI-4-vl ) siUfrfflYll -3- 
carbomethoxv-4- ( 3 -amidinoohenv l ) pyrrolidine, trif luoroacetic 

3,cici salt, 

25 Part A. Preparation of trans- 1- [ ( 4 -bromopheny 1 ) sulfonyl ] -3- 
carbomethoxy-4 - ( 3 -cyanophenyl ) pyrrolidine . 

To a solution of trans-3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trif luoroacetic acid salt from 

30 Example 2, Part B ( 0.52 g, 1.5 mmol) in 100 mL of 
tetrahydrofuran at room temperature was added 4- 
bromobenzenesulf onyl chloride (0.38 g, 1-5 mmol) and 
triethylamine (0.4 mL, 3.0 mmol). The resulting mixture was 
allowed to stir for 16 h. The solvent was removed in vacuo 

35 and the residue was taken up in ethyl acetate, washed with 
saturated aqueous NaHC03 and brine, dried over MgS0 4 and 
concentrated in vacuo to afford 0.56 g (84%) of the title 
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compound which was sufficiently pure for further reactions. 
MS (ESI) 449/451 (M+H)+. 

Part B. Preparation of trans-1- [ (2 1 -tert- 
5 butylaminosulfonyl- [1, 1 • ] -biphenyl- 4 -yl) sulfonyl] -3- 
carbomethoxy-4- ( 3 -cyanophenyl ) pyrrolidine . 

Following the procedure described in Example 3 , Part D, 
trans-1- [ ( 4 -bromophenyl) sulfonyl] -3-carbomethoxy-4- (3- 
10 cyanophenyl) pyrrolidine (0.40 g, 0.9 mmol) was converted 
into 0.20 g (38%) of the title compound following 
purification by flash chromatography (elution with 3:1 
hexanes /ethyl acetate) . MS (ESI) 582.3 (M+H)+. 

15 Part C. Preparation of trans-l- [ (2 ' -aminosulf onyl- [l f 1' ] - 
biphenyl -4 -yl) sulfonyl] -3-carbomethoxy-4- (3- 
amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

Following the procedure of Example 3, Part E, trans-1- 
20 [ (2 ' -tert-butylaminosulfonyl- [1,1'] -biphenyl - 4 -yl) sulfonyl] - 
3 -carbomethoxy-4 - (3 -cyanophenyl) pyrrolidine (0.20 g, 0.35 
mmol) was converted sequentially with trif luoroacetic acid, 
HC1 gas /methanol and ammonium carbonate (0.168 g, 1.75 mmol) 
into the title compound (15 mg, 7%) following HPLC 
25 purification. MS (ESI) 543.3 (M+H)+. 

Example 18 

traflg-l- f (2 ; -qmiposulf onvl- fl. 1 ' 1 -biphenvl-4-vl) sulfonvll -3- 
30 cart>Qisopropoxv-4- (3-amidinophenvl ) pyr rolidine t 
trif luoroacetic acid salt. 

Part A. Preparation of trans- 1- [ (2 1 -aminosulf onyl- [1 , 1 1 ] - 
biphenyl -4 -yl) sulfonyl] -3-carboisopropoxy-4- (3- 
amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

Following the procedure described in Example 11, Part 
A, trans-l-[ (2 1 -aminosulf onyl- [1, 1 * ) -biphenyl-4- 
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yl ) sulf onyl ] -3 -carbomethoxy-4- ( 3 -amidinophenyl ) pyrrolidine . 
trifluoroacetic acid salt (0.023 g, 0.03 5 inmol) was 
converted into 0.016 g (67%) of the title compound as a 
white powder following HPLC purification. MS (ESI) 571.3 
5 (M+H)+. 

Example 19 

f:rang>l-f9-£luorenvlmeth Qxvcarbonvll-3-carbomethoxv-4-(3" 
10 amidinoohenvl) pyrro lidine, trifluoroacetic acid salt, 

Part A. Preparation of trans-l-[9- 

f luorenylmethoxycarbonyl] -3 -carbomethoxy-4- (3- 

cyanophenyl ) pyrrolidine . 

15 

To a solution of trans-3-carbomethoxy-4- (3- 
cyanophenyl) pyrrolidine, trifluoroacetic acid salt (0.53 g, 
1.54 mmol) from Example 2, Part B in 15 mL of acetonitrile 
was added 9-f luorenylmethyl succinimidyl carbonate (0.52 g, 
20 1.54 mmol) and triethylamine (0.21 mL, 1.54 mmol). The 

resulting mixture was allowed to stir at room temperature 
for 16 h. The reaction mixture was diluted with ethyl 
acetate, washed with 10% aqueous HC1, saturated aqueous 
NaHC03 and brine, dried over MgS04 and concentrated in 
25 vacuo. The residue was purified by flash chromatography 
(elution with 3:1 hexanes/ethyl acetate) to afford 0.55 g 
(79%) of the title compound. MS (ESI) 453.4 (M+H)+. 

Part B . Preparation of trans-l-[9- 
30 f luorenylmethoxycarbonyl] -3 -carbomethoxy-4- (3- 

amidinophenyl) pyrrolidine, trifluoroacetic acid salt. 

Following the procedure described in Example 1, Part D, 
trans- 1- [9-f luorenylmethoxycarbonyl] -3 -carbomethoxy-4- (3- 
35 cyanophenyl) pyrrolidine (0.11 g, 0.24 mmol) was treated with 
HCl/methanol and then with ammonium carbonate (0.14 g, 1.5 
mmol) to afford after HPLC purification (C18 reverse phase 
column, elution with a H 2 0/CH 3 CN gradient with 0.5% TFA) 
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0.050 g (36%) of the title compound as a white powder. MS 
(ESI) 470.3 (M+H)+. 

Example 20 

5 

trans-2-benzvl-4-carbomethoxv-5- (3- 

amidinophenvl) isoxazolidine, trif luoroacetic acid salt. 

Part A. Preparation of trans-2-benzyl-4-carbomethoxy-5- (3- 
10 cyanophenyl ) isoxazol idine . 

To a solution of methyl trans-3-cyanocinnamate (1.2 g, 
6.5 mmol) in 20 mL of benzene was added benzylhydroxylamine 
(0.89 g, 7.2 mmol), paraformaldehyde (0.98 g, 32.5 mmol) and 

15 crushed 4A molecular sieves. The resulting mixture was 

stirred at 80° C for 16 h. The reaction mixture was allowed 
to cool to room temperature, was filtered through celite and 
diluted with ethyl acetate. The solution was washed with 
H2O and brine, dried over MgS04, filtered through a pad of 

20 silica gel and concentrated in vacuo to afford 1.4 g (67%) 
of the title compound which was sufficiently pure for 
further reactions. MS (CH4-CI) 323.1 (M+H)+. 

Part B. Preparation of trans-2-benzyl-4-carbomethoxy-5- ( 3- 
25 amidinophenyl) isoxazolidine, trif luoroacetic acid salt. 

A solution of trans-2-benzyl-4-carbomethoxy-5- (3- 
cyanophenyl) isoxazolidine (150 mg, 0.47 mmol) in 10 mL of 
anhydrous methanol and 30 mL of anhydrous chloroform was 

30 cooled to 0° C. Anhydrous HC1 gas was bubbled through the 
solution for about 30 min (until solution saturated) . The 
flask was then sealed and allowed to stand for 16 h at 0° C. 
The reaction mixture was concentrated in vacuo. The 
resulting solid was dissolved in 10 mL of anhydrous methanol 

35 and ammonium carbonate (0.27 g, 2.8 mmol) was added and the 
mixture was allowed to stir at room temperature for 24 h. 
The reaction mixture was concentrated in vacuo and purified 
by prep HPLC (C18 reverse phase column, elution with a 
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H2O/CH3CN gradient with 0.5% TFA) to afford 100 mg (47%) of 
the title compound as a white powder. MS (ESI) 340.2 
(M+H)+. 

5 Example 21 

erans-2- LL2J -aminosulf onvl- 1 1 . 1 ' 1 -biphenvl-4-vl Imethvl 1 -4- 
carbomethoxv-5- (3-amidinophenvl ) isoxazolidine , 
triflyorQacetic acyid salt. 

10 

Part A. Preparation of 4-bromobenzaldehyde oxime. 

To a solution of 4-bromobenzaldehyde (10.0 g, 54 mmol) 
in 200 mL of absolute ethanol and 50 mL of water was added 

15 hydroxylamine hydrochloride (4.5 g, 64.8 mmol) and sodium 
hydroxide (3.25 g, 81 mmol) as a solution in water. The 
resulting mixture was allowed to stir at room temperature 
for 16 h. A white solid had fallen out of solution. The 
mixture was concentrated in vacuo to about half its volume 

20 and the solid was collected by filtration, azeotroped with 
benzene and dried in vacuo to afford 9.8 g (90%) of the 
title compound as a white powder. X H NMR (DMS0-d6> d 8.1 (s, 
1H), 7.52 (app q, 4H) . MS (H 2 0-GC/MS) 200/202 (M+H)+. 

25 Part B. Preparation of 4-bromobenzylhydroxylamine . 

To a solution of 4-bromobenzaldehyde oxime (2.0 g, 10 
mmol) in 20 mL of methanol at 0° C was added borane-pyridine 
complex (3 .75 mL of an 8M in pyridine, 30 mmol) dropwise. 

30 To this solution was added 10% aqueous HC1 dropwise over 

about 10 minutes. The resulting mixture was allowed to stir 
at 0° C an additional 20 minutes and then it was made basic 
with solid Na2C03. The mixture was diluted with ethyl 
acetate and washed with H2O and 10% aqueous HC1. The 

35 organics were discarded and the aqueous layer was made basic 
with Na2C03 and extracted with ethyl acetate. This ethyl 
acetate layer was washed with brine, dried over MgS04 and 
concentrated in vacuo to afford 1.3 g (65%) of the title 
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compound as a white solid. 1 H NMR (CDCI3) d 7.45 <d, 2H) , 
7.19 (d, 2H) , 5.35 (broad s, 2H) , 3.93 (s, 2H) . 

Part C. Preparation of trans-2- (4-bromobenzyl ) -4- 
5 carbomethoxy-5- (3-cyanophenyl) isoxazolidine . 

To a solution of methyl trans-3-cyanocinnamate from 
Example 1, Part A (0.57 g, 3.04 mmol) in 10 mL of benzene 
was added 4 -bromobenzy lhydroxy lamine (0.74 g, 3.65 mmol), 
10 paraformaldehyde (0.46 g, 15.2 mmol) and about 1 g of 
crushed 4A molecular sieves. The resulting mixture was 
stirred at 80° C for 16 h. The reaction mixture was allowed 
to cool to room temperature, and was filtered through celite 
and diluted with ethyl acetate. The solution was washed 
15 with H2O and brine, dried over MgS04 and concentrated in 
vacuo. The residue was purified by flash chromatography 
(elution with 3:1 hexanes/ethyl acetate) to afford 0.75 g 
(63%) of the title compound as an oil. MS (NH3-CI) 401/403 
(M+H) + . 

20 

Part D. Preparation of trans-2- [ (2 1 -tert- 
butylaminosulfonyl- [1,1*] -biphenyl-4 -yl ) methyl ] -4 - 
carbomethoxy-5- (3-cyanophenyl) isoxazolidine. 

25 To a solution of trans-2- (4-bromobenzyl) -4- 

carbomethoxy-5- (3-cyanophenyl) isoxazolidine (0.46 g, 1.15 
mmol) in 20 mL of benzene was added 2-(tert- 
butylaminosulfonyDphenylboronic acid (0.45 g, 1.72 mmol), 
tetrabutylammonium bromide (0.04 g, 0.12 mmol), sodium 

30 carbonate (0.36 g, 3.4 mmol) and 2 mL of H2O. This mixture 
was degassed with a stream of nitrogen and then 
tetrakis (triphenylphosphine) palladium (0.14 g, 0.12 mmol) 
was added and the reaction mixture was stirred at 80° C for 
6 h. The mixture was allowed to cool to room temperature 

35 and then was diluted with ethyl acetate, washed with H2O and 
brine, dried over MgS04 and was concentrated in vacuo. The 
residue was purified by flash chromatography (elution with 
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2:1 hexanes /ethyl acetate) to afford 0.52 g (85%) of the 
title compound. MS (ESI) 534.4 (M+H)+. 

Part E. Preparation of trans- 2- [ (2 ' -aminosulf onyl- [1 , 1 ' ] - 
5 biphenyl- 4 -yl) methyl} -4-carbomethoxy-5- (3- 

amidinophenyl) isoxazolidine, trif luoroacetic acid salt. 

A solution of traixs-1- [ (2 * - tert-butylaminosulf onyl- 
[1,1'] -biphenyl -4 -yl) methyl] -3-carbomethoxy-4- (3- 

10 cyanophenyl) isoxazolidine (0.52 g, 0.97 mmol) in 20 mL of 
trif luoroacetic acid was stirred at 70° C for 1 h and then 
was allowed to cool to room temperature and was concentrated 
in vacuo. 1 H NMR (CDCI3) indicated complete removal of the 
tert-butyl group. The crude residue was dissolved in 40 mL 

15 of anhydrous methanol and was cooled to 0° C. Anhydrous HC1 
gas was bubbled through the solution for about 30 min (until 
solution saturated) . The flask was then sealed and allowed 
to stand for 16 h at 0° C. The reaction mixture was 
concentrated in vacuo. The resulting solid was dissolved in 

20 35 mL of anhydrous methanol and ammonium carbonate (0.56 g, 
5.8 mmol) was added and the mixture was allowed to stir at 
room temperature for 24 h. The reaction mixture was 
concentrated in vacuo and purified by prep HPLC (CI 8 reverse 
phase column, elution with a H2O/CH3CN gradient with 0.5% 

25 TFA) to afford 350 mg (59%) of the title compound as a white 
powder. t MS (ESI) 495.4 (M+H)+. 

Example 22 

30 trans-2- \ (2 ' -aminosulf onvl- fl . 1 ' 1 -biphenvl-4-vl)methvl1 -4- 
carboisopropoxv-5- (3-amidinophenvl) isoxazolidine, 
trif luoroacetic acid salt. 

Part A. Preparation of trans-2- [ (2 1 -aminosulf onyl- [1, 1 ') - 
35 biphenyl -4 -yl) methyl] -4-carboisopropoxy-5- (3- 

amidinopheny 1 ) isoxazolidine, trif luoroacetic acid salt. 
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To a solution of trans-2- [ (2 ' -aminosulf onyl- [1, 1 ■ ] - 
biphenyl- 4 -yl) methyl) -4-carbomethoxy-5- (3- 
amidinophenyl ) isoxazolidine, trif luoroacetic acid salt (300 
mg, 0.49 mmol) in 30 mL of isopropanol was added several 
5 drops of titanium (IV) isopropoxide. The resulting mixture 
was stirred at 80° C for 16 h. The reaction was allowed to 
cool to room temperature and the solvent was removed in 
vacuo. The residue was triturated with ether and then was 
purified by HPLC under the conditions described in Example 
10 1, Part D to afford 0.25 g (80%) of the title compound as a 
white powder. MS (ESI) 523.5 (M+H)+. 

Example 23 

15 trans-2- [ (2 ' -aminosulf onvl- [ 1 , 1 ' 1 -biphenvl-4-vl)methvl1 ^4- 
mgthoxymethYl-5- (3-ainidjLnophenYJ-) igpxazoljdj.^, 

trifluoffWQetic ?cid salt. 

Part A. Preparation of trans- 3 -cyanocinnamic acid. 

20 

To a solution of methyl trans-3-cyanocinnamate (4.74 g # 
25.3 mmol) in 100 mL of tetrahydrofuran and 50 mL of H2O at 
room temperature was added lithium hydroxide monohydrate 
(2.65 g, 63.2 mmol). The resulting mixture was allowed to 

25 stir for 16 h. The tetrahydrofuran was removed in vacuo and 
the residue was diluted with saturated aqueous NaHC03 and 
washed with hexane. The organic layer was discarded. The 
aqueous layer was acidified and extracted with ethyl 
acetate. The organics were washed with brine, dried over 

30 MgS0 4 and concentrated in vacuo to afford 4.35 g (99%) of 
the title compound. 1 H NMR (CDCI3) : 5 8.21 (s, 1H) , 8.02 

<d, 1H), 7.85 (d, 1H), 7.62 (t, 1H) , 7.61 (d, 1H) , 6.73 (d, 
1H) . 

35 Part B. Preparation of trans-3-cyanocinnamyl alcohol. 

To a solution of trans-3 -cyanocinnamic acid (1.66 g, 
9.6 mmol) in 100 mL of tetrahydrofuran at -15° C was added 
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triethylamine (1.3 mL, 9.6 mmol) and isobutylchlorof ornate 
(1.3 mL, 9.6 mmol). The mixture was stirred for 15 minutes 
and then was filtered into another flask and cooled to -15° 
C. Sodium borohydride (0.73 g, 19.2 mmol) was added in 2 mL 
5 of H 2 0 and the mixture was allowed to stir at -15° C for 20 
minutes and then at room temperature for 1 h. The reaction 
was quenched with 10% aqueous HC1 and the solvent was 
removed in vacuo. The residue was diluted with ethyl 
acetate, washed with brine, dried over MgSC>4 and 

10 concentrated in vacuo to afford 1.43 g (93%) of the title 
compound. 1 H NMR (CDCI3) : 8 7.59 (s, 1H) , 7.57 <d, 1H) , 

7.49 (d, 1H), 7.40 (t, 1H) , 6.60 (d, 1H) , 6.40 (dt, 1H) , 
4.35 (m, 2H), 2.23 (broads, 1H) . 

15 Part C. Preparation of trans-3-cyanocinnamyl alcohol methyl 
ether . 

To a suspension of 60% sodium hydride in mineral oil 
(0.36 g, washed with petroleum ether before use, 9.0 mmol) 

20 in 100 mL of tetrahydrofuran was added trans-3-cyanocinnamyl 
alcohol (1.43 g, 9.0 mmol). The resulting mixture was 
stirred at 60° C for 1 h and then was allowed to cool to 
room temperature. To the resulting homogeneous solution was 
added methyl iodide (0.56 mL, 9.0 mmol) and the mixture was 

25 then stirred at 60° C for 16 h. The reaction was quenched 
with ethanol and the solvent was removed in vacuo. The 
residue was dissolved in ethyl acetate, washed with brine, 
dried over MgS04 and concentrated in vacuo. The residue was 
purified by flash chromatography (elution with 6:1 

30 hexanes/ethyl acetate to afford 1.21 g (78%) of the title 
compound. 1 H NMR (CDCI3) : 5 7.59 (m, 2H) , 7.45 (d, 1H) , 

7.39 (t, 1H), 6.57 (d, 1H) , 6.30 (dt, 1H) , 4.08 (dd, 2H) , 
3.38 (s, 3H) . 

35 Part D. Preparation of trans-2- [ (2 1 -aminosulf onyl- [1, 1 '] - 
biphenyl- 4 -yl) methyl) -4-methoxymethyl-5- (3- 
amidinophenyl) isoxazolidine, trif luoroacetic acid salt. 
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Following the procedures described in Example 21, Parts 
C-E, trans-3-cyanocinnamyl alcohol methyl ether was converted 
into the title compound which was a white powder following 
HPLC purification. MS (ESI) 481.3 (M+H)+. 

5 

Example 24 and Example 25 

trans- 1- (methvlsulf onvl ) -3- ( F2 ; -aminosulf onvl- n , LLL: 
biphenvl-4-vl)aminocarbonvl)-4-(3-amidino Dhenvl) pyrrolidine. 
10 trifluoroacetic acid salt (Example 24) and trans- 1- 

(methvlsulfonvl) -3- ( \2 ' - tert-butvlaminosu lf onvl- f 1 , l'l- 
biphenvl-4-vl ) aminocarbonvl ) -4- f 3-amidinoph envl Ipvrrolidi hp , 
trifluoroacetic acid salt. (Example 25) . 

15 Part A. Preparation of methyl trans-3-cyanocinnamate. 

To a solution of 3-cyanobenzaldehyde (10.0 g, 76 mmol) 
in 500 mL of methylene chloride was added methyl (triphenyl- 
phosphoranylidene) acetate (25.4 g, 76 mmol). The mixture 

20 was allowed to stir at room temperature for 16 h. The 

solvent was removed in vacuo and the residue was taken up in 
hexane/ethyl acetate and filtered through a large pad of 
silica gel. The solution was concentrated to afford 12.75 g 
(89%) of the cinnamate as a white solid which was 

25 sufficiently pure for further reactions. 
MS (H 2 0-GC/MS) : 188 (M+HJ + . 

Part B. Preparation of N-benzyl-N- 
(trimethylsilylmethyl)aminomethyl methyl ether. 

30 

To a stirred mixture of methanol (1.25 mL, 31 mmol) and 
37% aqueous formaldehyde (2.56 mL, 31 mmol) at 0° C was 
added N-benzyl-N- ( trimethylsilylmethyl) amine (5.0 g, 26 
mmol) dropwise over 5 minutes. The resulting mixture was 
35 stirred for 2 h. Anhydrous potassium carbonate (1.02 g, 7.4 
mmol) was added and the mixture was stirred at 0° C for 30 
min. The reaction mixture was diluted with water and 
extracted twice with ether. The combined organic extracts 
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were washed with brine, dried over sodium sulfate and 
concentrated in vacuo to afford 5.6 g (92%) of the title 
compound. 1 H NMR (CDC13): 5 7.30-7.15 (m, 5H) , 3.95 (s, 
2H), 3.71 (s, 2H), 3.19 (s ( 3H) , 2.14 (s, 2H) . 

5 

Part C. Preparation of trans-l-benzyl-3-carbomethoxy-4- (3- 
cyanophenyl ) pyrrolidine . 

To a solution of N-benzyl-N- 

10 ( trimethylsilylmethyDaminomethyl methyl ether (1.64 g, 6.9 
mmol) in 20 mL of methylene chloride at 0° C was added 
methyl trans-3-cyanocinnamate (0.99 g, 5.3 mmol) followed by 
trif luoroacetic acid (0.041 mL, 0.53 mmol). The mixture was 
allowed to warm to room temperature and was stirred for 2 h. 

15 The reaction mixture was diluted with methylene chloride, 
washed with saturated aqueous NaHC03 and brine, dried over 
K2CO3 and concentrated in vacuo to afford 1.67 g (98%) of 
the title compound which was sufficiently pure for further 
reactions. MS (ESI) 321.1 (M+H)+. 

20 

Part D. Preparation of trans-3 -carbomethoxy-4- (3 - 
cyanophenyl) pyrrolidine, hydrochloride salt. 

To a solution of trans- 1 -benzyl - 3 -carbome thoxy- 4 - ( 3 - 
25 cyanophenyl) pyrrolidine (40.8 g, 127 mmol) in 600 mL of 
methylene chloride at 0° C was added 1-chloroethyl 
chloroformate (12.8 mL, 127 mmol) dropwise. After stirring 
for 15 min the ice bath was removed and the mixture was 
stirred at 40° C for 1 h. The reaction mixture was cooled 
30 and concentrated in vacuo. The residue was dissolved in 
absolute methanol and stirred at 60° C for 1 h. The 
reaction mixture was cooled and concentrated in vacuo. The 
residue was dissolved in methylene chloride and then crashed 
out of solution by the addition of ether. The solid was 
35 filtered and dried in vacuo to give 23.3 g (69%) of the 

title compound as a white solid. MS (NH3-CI) 231.3 (M+H) + . 
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Part E. Preparation of trans-1- (methylsulfonyl) -3- 
carbomethoxy-4- ( 3 -cyanophenyl ) pyrrolidine . 

To a solution of trans-3 -carbomethoxy-4- (3- 
5 cyanophenyl) pyrrolidine, hydrochloride salt (0.50 g, 1.87 
mmol) in 10 mL of methylene chloride was added 
methanesulfonyl chloride (0.15 mL, 1.87 mmol) and 
triethylamine (0.52 mL, 3.74 mmol). The resulting mixture 
was allowed to stir at 25° C for 16 h. The reaction was 

10 diluted with ethyl acetate, washed with 10% aq HC1, 

saturated aq NaHCC>3 and brine, dried (MgS04), filtered 
through a pad of silica gel and concentrated in vacuo to 
afford 0.54 g (93%) of the title compound which was 
sufficiently pure to be used directly in subsequent 

15 reactions. MS (ESI) 309.1 (M+H)+. 

Part F. Preparation of trans-1- (methylsulfonyl) -3-carboxy- 
4 - ( 3 - cyanophenyl ) py r r o 1 idine . 

20 To a solution of trans-1- (methylsulfonyl ) -3- 

carbomethoxy-4 - ( 3 -cyanophenyl ) pyrrolidine (0.54 g , 1.75 
mmol) in 10 mL of tetrahydrofuran and 5 mL of water was 
added lithium hydroxide monohydrate (0.15 g, 3.5 mmol). The 
mixture was allowed to stir at 25° C for 3 h. Added 

25 saturated aq NaHC03 , extracted with 1:1 hexanes/ethyl 

acetate and discarded the organic layer. The aqueous layer 
was acidified with aq HC1 and extracted with ethyl acetate. 
The organic layer was washed with brine, dried (MgS04) and 
concentrated in vacuo to afford 0.44 g (86%) of the title 

30 compound which was sufficiently pure to be used directly in 
subsequent reactions. MS (ESI) 295.3 (M+H)+. 

Part G. Preparation of trans-1- (methylsulfonyl) -3- ( [2 1 - 
tert-butylaminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) aminocarbonyl) - 
35 4 - ( 3 -cyanophenyl ) pyrrolidine . 

To a solution of trans-1- (methylsulfonyl) -3-carboxy-4- 
(3 -cyanophenyl) pyrrolidine (0.44 g, 1.5 mmol) in 15 mL of 
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acetonitrile was added thionyl chloride (1.1 mL, 15 mmol) . 
This mixture was stirred at 80° C for 3 0 min and then cooled 
and concentrated in vacuo. The residue was dissolved in 10 
mL of methylene chloride whereupon ([2'-tert- 
5 butylaminosulfonyl- [1, 1 '] -biphenyl-4-yl) amine (0.59 g, 1.95 
mmol) and triethylamine (2.1 mL, 15 mmol) were added. The 
reaction mixture was allowed to stir at 25° C for 16 h. The 
reaction was diluted with ethyl acetate, washed with 10% aq 
HC1, saturated aq NaHC03 and brine, dried (MgSC^), filtered 
10 through a pad of silica gel and concentrated in vacuo to 
afford 0.65 g (75%) of the title compound which was 
sufficiently pure to be used directly in subsequent 
reactions. MS (ESI) 581.5 (M+H)+. 

15 Part H. Preparation of trans-1- (methylsulfonyl) -3- ( [2 1 - 
aminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) aminocarbonyl ) -4- (3- 
amidinophenyl) pyrrolidine, trif luoroacetic acid salt and 
trans-1- (methylsulfonyl) -3- { [2 ' - tert-butylaminosulf onyl- 
[1,1'] -biphenyl-4-yl) aminocarbonyl) - 4- (3- 

20 amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

A solution of trans-1- (methylsulfonyl) -3- ( [2 ' - tert- 
butylaminosulf onyl- [1, 1 ' ) -biphenyl -4 -yl) aminocarbonyl) -4- (3- 
cyanophenyl) pyrrolidine (0.63 g, 1.08 mmol) in 50 mL of 

25 anhydrous methanol was cooled to 0° C. Anhydrous HC1 gas 
was bubbled through the solution for about 30 min (until 
solution saturated) . The flask was then sealed and allowed 
to stand for 16 h at 0° C. The reaction mixture was 
concentrated in vacuo. The resulting solid was dissolved in 

30 20 mL of anhydrous methanol and ammonium carbonate (0.62 g, 
6.48 mmol) was added and the mixture was allowed to stir at 
room temperature for 24 h. The reaction mixture was 
concentrated in vacuo and 120 mg of the residue was purified 
by prep HPLC (C18 reverse phase column, elution with a 

35 H2O/CH3CN gradient with 0.5% TFA) to afford 65 mg (54%) of 
trans-l- (methylsulfonyl) -3- ( [2 ' -aminosulfonyl- [1, 1 1 ] - 
biphenyl- 4 -yl) aminocarbonyl) -4- ( 3 -amidinophenyl) pyrrolidine, 
trif luoroacetic acid salt as a white powder following 
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lyophilization. MS (ESI) 542.3 (M+H) + . There was also 
obtained 20 mg (17%) of trans-l- (methylsulfonyl) -3- ( [2 * - 
tert-butylaminosulfonyl- [1, 1' ] -biphenyl-4-yl) aminocarbonyl) - 
4- (3 -amidinophenyl) pyrrolidine, trif luoroacetic acid salt as 
5 a white powder following lyophilization. MS (ESI) 598.4 
<M+H)+. 

Example 26 

10 cis-1- (methvlsulfonvl) -3- ( 12 ; -aminosulf onvl- f 1 . 1 ' 1-biphenvl- 
4 -vl ) aminocarbonvl ) -4 - ( 3 -amidinophenvl ) pyrrolidine . 
trif luoroacetic acid salt. 

Part A. Preparation of methyl cis-3-cyanocinnamate. 

15 

To a solution of bis (2,2,2- 
trif luoroethyl ) (methoxycarbonylmethyl) phosphonate (5.0 g, 
15.7 mmol) and 18-crown-6 (20.7 g, 78.5 mmol) in 300 mL of 
tetrahydrofuran at -78° C was added potassium 

20 bis (trimethylsilyl) amide (31.4 mL of a 0.5 M solution in 
toluene, 15.7 mmol) dropwise. After the addition was 
complete 3-cyanobenzaldehyde (2.06 g, 15.7 mmol) was added 
and the resulting mixture was stirred for 30 minutes at -78° 
C. The reaction was quenched by the addition of saturated 

25 aqueous NH4CI and then extracted three times with ether. 
The combined ether extracts were washed with brine, dried 
over Na2S04 and concentrated in vacuo to afford 2.86 g (97%) 
of the product which was sufficiently pure for further 
reactions. NMR (CDCI3) 8 7.85 (s, 1H) , 7.76 (d, 1H) , 7.60 

30 (d, 1H), 7.45 (t, 1H), 6.93 (d, 1H) , 6.05 (d, 1H) , 3.70 (s, 
3H) . 

Part B. Preparation of cis-1- (methylsulf onyl) -3- ( [2 ' - 
aminosulf onyl - [1 , 1 ' ] -biphenyl-4-yl) aminocarbonyl) - 4- (3- 
35 amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

Following the procedures described in Example 1, Parts 
C-H, methyl cis-3-cyanocinnamate was converted into the 

85 



WO 98/06694 PCI7US97/14222 

title compound, a white powder following HPLC purification. 
MS (ESI) 542.4 <M+H)+. 

Example 27 and Example 28 

5 

trans-1- (meth vlsulf onvl ) -3- f \5- (2 \ -aminosulf onvlphenvl-1- 
vl ) pvr idin-2 - vl ) aminocarbonvl 1 -4- (3- 
amidinophenvl ) pyrrolidine, trif luoroacetic acid salt 
(Example 27) and trans-1- (methvlsulf onvl ) -3- r f 5- (2 ' - tert- 
10 bu tvlaminosul f onvlphenvl - 1 -vl ) pvr idin- 2 -vl 1 aminocarbonvl 1 -4- 
( 3 -amidinophenvl ) pyrrolidine, trif luoroacetic acid salt. 
(Example 28) . 

Part A. Preparation of trans-1- (methvlsulf onyl) -3- [ [5- (2 ' - 
15 tert-butylaminosulf onylphenyl-1 -yUpyr idin-2 - 
yl]aminocarbonyl] -4- (3-cyanophenyl) pyrrolidine. 

To a solution of trans-1- (methvlsulf onyl) -3-carboxy-4- 
( 3-cyanophenyl) pyrrolidine from Example 1, Part F (0.31 g, 

20 1.06 mmol) in 15 mL of acetonitrile was added thionyl 

chloride (1.26 mL, 10.6 mmol). This mixture was stirred at 
80° C for 30 min and then cooled and concentrated in vacuo. 
The residue was dissolved in 10 mL of methylene chloride 
whereupon [ [5- (2 ' - tert-butylaminosulf onylphenyl-1- 

25 yl)pyridin-2-yl] amine (0.41 g, 1.35 mmol) and triethylamine 
(1.5 mL, 10.6 mmol) were added. The reaction mixture was 
allowed to stir at 25° C for 16 h. The reaction was diluted 
with ethyl acetate, washed with 10% aq HC1, saturated aq 
NaHC03 and brine, dried (MgS04), filtered through a pad of 

30 silica gel and concentrated in vacuo. The residue was 
purified by flash chromatography (elution with 2:1 
hexanes/ ethyl acetate) to afford 0.47 g (75%) of the title 
compound. MS (ESI) 582.5 (M+H)+. 

35 Part B. Preparation of trans-1- (methvlsulf onyl) -3- [ [5- (2 ' - 
aminosul f ony lpheny 1 - 1 -yl ) pyr idin-2 -y 1 ] aminocarbony 1 ] - 4 - ( 3 - 
amidinophenyl ) pyrrolidine, trif luoroacetic acid salt and 
trans-1- (methvlsulf onyl) -3- [ [5- (2 ' - tert- 
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butylaminosulfonylphenyl-l-yl)pyridin-2-yl]aminocarbonyl] -4- 
( 3 -amidinophenyl ) pyrrolidine, trif luoroacetic acid salt. 

Following the procedures described in Example 1 and 
5 Example 2, Part H, trans-1- (methylsulf onyl) -3- [ [5- (2 ' - tert- 
butylaminosul f onylphenyl -1 -yl ) pyr idin-2 -y 1 J aminocarbonyl ] -4 - 
(3 -cyanophenyl) pyrrolidine was converted into the title 
compounds which were isolated as white powders following 
HPLC purification and lyophilization . trans-1- 

10 (methylsulf onyl) -3- [ [5- (2 ' -aminosulf onylphenyl -1-yl) pyridin- 
2 -yl] aminocarbonyl] -4- (3 -amidinophenyl) pyrrolidine, 
trifluoroacetic acid salt (Example 27), MS (ESI) 272.3 
(M+2H)2+ . trans-1- (methylsulf onyl) -3- [ [5- (2 ' -tert- 
butylaminosul f onylphenyl - 1 -yl ) pyr idin- 2 -yl ] aminocarbonyl ] -4 - 

15 (3 -amidinophenyl) pyrrolidine, trifluoroacetic acid salt 
(Example 28), MS (ESI) 300.3 (M+2H)2+. 

Example 29 

20 1- (methylsulf onvl) -3- ( \2 \ -aminosulf onvl- fl , 1 ' 1 -biphenvl-4- 

vl ) ^inpcartonYl ) -4- (3-ajnjLai T nQP^e^Y3,) -A 3 -PV7rrQ^ing, 
trartwrpaggtig acid salt. 

Part A. Preparation of ethyl 3- (3 -cyanophenyl )propiolate. 

25 

To a solution of ethyl propiolate (5.0 g, 51 mmol) in 
150 mL of tetrahydrofuran at -78° C was added n-butyllithium 
(20.4 mL of a 2.5 M solution in hexane, 51 mmol) dropwise. 
The mixture was allowed to stir for 1 h at -78° C and then 

30 zinc chloride (20.9 g, 153 mmol) was added in 150 mL of 
tetrahydrofuran and the resulting mixture was allowed to 
stir with warming to room temperature for 30 min. The 
mixture was cooled to 0° C whereupon 3-iodobenzonitrile 
(5.84 g, 25.5 mmol) and bistriphenylphosphine palladium (II) 

35 chloride (0.91 g, 1.3 mmol) were added. The resulting 
mixture was allowed to stir at 50° C for 16 h. After 
cooling to room temperature, the reaction was diluted with 
150 mL of water and 150 mL of ether and then filtered 

87 



WO 98/06694 



PCTAJS97/14222 



through a pad of celite. The filtrate was extracted twice 
with ether and the combined organics were dried (MgSO,}) and 
concentrated in vacuo. The residue was purified by flash 
chromatography (elution with 10:1 hexanes/ethyl acetate) to 
5 afford 2.23 g (44%) of the title compound as a solid. l H 
NMR (CDCI3) S 7.85 (s, 1H) , 7.80 (d, 1H) . 7.74 (d, 1H) , 7.53 
(t. 1H), 4.31 (q, 2H), 1.37 (t, 3H) . 

Part B. Preparation of 1 -benzyl -3-carbethoxy-4- (3- 
10 cyanophenyl ) -A 3 -pyrroline . 

To a solution of N-benzyl-N- 
(trimethylsilylmethyl)aminomethyl methyl ether from Example 
1, Part B (3.09 g, 12.9 mmol) in 40 mL of methylene chloride 

15 at 0° C was added ethyl 3- {3 -cyanophenyl )propiolate (2.0 g, 
10 mmol) followed by trif luoroacetic acid (0.06 mL, 0.75 
mmol) . The mixture was allowed to warm to room temperature 
and was stirred for 2 h. The reaction mixture was diluted 
with methylene chloride, washed with saturated aqueous 

20 NaHC03 and brine, dried over K2CO3 and concentrated in vacuo. 
The residue was purified by flash chromatography (elution 
with 3:1 hexanes/ethyl acetate) to afford 1.7 g (51%) of the 
title compound. MS (ESI) 333.4 (M+H)+. 

25 Part C. Preparation of 3 -carbethoxy-4- (3 -cyanophenyl) -A 3 - 
pyrroline, hydrochloride salt. 

Following the procedure of Example 1, Part D, 1-benzyl- 
3-carbethoxy-4-(3-cyanophenyl) -A 3 -pyrroline (1.3 g, 3.3 
30 mmol) was converted into 0.8 g (73%) of the title compound. 
MS (ESI) 243.3 (M+H)+. 

Part D. Preparation of 1- (methylsulf onyl) -3-carbethoxy-4- 
{ 3 -cyanophenyl ) -A 3 -pyrroline . 

35 

Following the procedure of Example 1, Part E, 3- 
carbethoxy-4- (3 -cyanophenyl) -A 3 -pyrroline, hydrochloride 
salt (0.35 g, 1.26 mmol) was converted into 0.35 g (87%) of 
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the title compound. MS (ESI) 323.4 (M+H)+. *H NMR (CDCI3) 6 
7.62 (s, 1H), 7.58 (d, 1H) , 7.50 (d, 1H) , 7.42 (t, 1H) , 4.50 
(broads, 4H) , 4.05 (q, 2H) , 2.85 (s, 3H) , 1.10 (t, 3H) . 

5 Part E. Preparation of 1- (methylsulfonyl) -3-carboxy-4- (3- 
cyanophenyl) -A 3 -pyrrol ine. 

To a solution of 1- (methylsulfonyl) -3 -carbethoxy-4- (3- 
cyanophenyl) -A 3 -pyrrol ine (0.35 g, 1.1 mmol) in 5 mL of 

10 methanol and 5 mL of water was added potassium hydroxide 

(0.12 g, 2.2 mmol). This mixture was stirred at 60° C for 2 
h and then cooled to room temperature, diluted with water 
and extracted with 1:1 hexanes/ethyl acetate. The organics 
were discarded and the aqueous layer was acidified with aq 

15 HC1 and extracted with ethyl acetate. The organic layer was 
washed with brine, dried (MgS04) and concentrated in vacuo 
to afford 0.20 g (63%) of the title compound which was 
sufficiently pure to be used directly in subsequent 
reactions. MS (ESI) 293.3 (M+H)+. 

20 

Part F. Preparation of 1- (methylsulfonyl) -3- ( [2 tert- 
butylaminosulfonyl- f 1, 1 ' ] -biphenyl-4-yl) aminocarbonyl) -4 - (3- 
cyanophenyl ) -A 3 -pyrrol ine . 

25 Following the procedures described in Example 1, Part 

G, 1- (methylsulfonyl) -3-carboxy-4- (3-cyanophenyl) -A 3 - 
pyrroline (0.2 g, 0.68 mmol) was converted into 0.1 g (26%) 
of the title compound. MS (ESI) 

30 Part G. Preparation of 1- (methylsulfonyl) -3- ( [2 1 - 

aminosulfonyl- [1, 1 ' ] -biphenyl- 4 -yl) aminocarbonyl) -4- (3- 
amidinophenyl) -A 3 -pyrrol ine, trif luoroacetic acid salt. 

A solution of 1- (methylsulfonyl) -3- ( [2 * -tert- 
35 butylaminosulfonyl- [1, 1 ' ] -biphenyl -4 -yl) aminocarbonyl) -4- (3- 
cyanophenyl) -A 3 -pyrroline (93 mg, 0.16 mmol) in 30 mL of 
anhydrous methanol was cooled to 0° C. Anhydrous HC1 gas 
was bubbled through the solution for about 30 min (until 
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solution saturated) . The flask was then sealed and allowed 
to stand for 16 h at 0° C. The reaction mixture was 
concentrated in vacuo. The resulting solid was dissolved in 
10 mL of anhydrous methanol and ammonium carbonate (80 mg, 
5 0.8 mmol) was added and the mixture was allowed to stir at 
room temperature for 24 h. The reaction mixture was 
concentrated in vacuo and the residue was purified by prep 
HPLC (C18 reverse phase column, elution with a H2O/CH3CN 
gradient with 0.5% TFA) to afford 25 mg (25%) of the title 
10 compound as a white powder following lyophilization. MS 
(ESI) 540.3 (M+H)+. 

Example 30 

15 1 - (benzvl ) -3 - H2 ' -a minosulf onvl- LLJJJ -biphenvl-4- 
yllaminocarbo nvl) -4 - ( 3 -amidinophenvl) -A 3 -PYrroUne, 
bistrifluoroacetic acid salt. 

Part A. Preparation of 1- (benzyl) -3- ( [2 ■ -tert- 
20 butylaminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) aminocarbonyl ) -4- (3- 
cyanophenyl) -A 3 -pyrroline . 

To a solution of ( [2 ' - tert-butylaminosulf onyl- [1, 1 ' ] - 
biphenyl-4-yl)amine (1.10 g, 3.6 mmol) in methylene chloride 

25 was added trimethylaluminum dropwise (6.6 mL of a 2.0 M 

solution in toluene, 13.2 mmol). The resulting solution was 
stirred at 25° C for 30 min at which time gas evolution had 
ceased. To this solution was then added l-benzyl-3- 
carbethoxy-4- (3-cyanophenyl) -A 3 -pyrroline from Example 6 f 

30 Part B (1.0 g, 3.0 mmol) as a solution in methylene 

chloride. The resulting solution was stirred at 40° C for 4 
h, at which time the reaction mixture was cooled to 0° C and 
quenched with saturated aq NH4CI. The mixture was diluted 
with ethyl acetate, washed with brine, dried (MgS0 4 ) and 

35 concentrated in vacuo. The residue was purified by flash 
chromatography (elution with 1:1 hexanes/ethyl acetate) to 
afford 0.8 g (45%) of the title compound. MS (ESI) 
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Part B . Preparation of 1- (benzyl) -3- ( [2 ' -aminosulf onyl- 
[1,1*] -biphenyl-4-yl ) aminocarbonyl ) -4 - { 3 -amidinophenyl ) -A 3 - 
pyrroline, bistrif luoroacetic acid salt. 

5 A solution of 1- (benzyl) -3- ( [2 • - tert- 

butylaminosulfonyl- [1, 1 1 ] -biphenyl-4-yl) aminocarbonyl) -4- (3- 
cyanophenyl) -A 3 -pyrroline (0.13 g, 0.2 ramol) in 10 mL of 
trif luoroacetic acid was stirred at 70° C for 30 min and 
then was allowed to cool to room temperature and was 

10 concentrated in vacuo. X H NMR (CDCI3) indicated complete 
removal of the tert-butyl group. The crude residue was 
dissolved in 40 mL of anhydrous methanol and was cooled to 
0° C. Anhydrous HC1 gas was bubbled through the solution 
for about 30 min (until solution saturated) . The flask was 

15 then sealed and allowed to stand for 16 h at 0° C. The 

reaction mixture was concentrated in vacuo. The resulting 
solid was dissolved in 10 mL of anhydrous methanol and 
ammonium carbonate (0.10 g, 1.0 mmol) was added and the 
mixture was allowed to stir at room temperature for 24 h. 

20 The reaction mixture was concentrated in vacuo and purified 
by prep HPLC (C18 reverse phase column, elution with a 
H2O/CH3CN gradient with 0.5% TFA) to afford 60 mg (45%) of 
the title compound as a white powder. MS (ESI) 276.8 
(M+2H)2+. 

25 

Example 3 1 

trans-1- (methvlsulf onvl) -3- ( f 2 ' -aminosulf onvl- f 1 , 1 ' 1 - 
biphenvl-4-vl)methvlcarbonvl) -4- (3- 
30 amidinophenvl) pyrrolidine, trif luoroacetic acid salt. 

Part A. Preparation of trans- 3 -cyanocinnamic acid. 

To a solution of methyl trans-3-cyanocinnamate from 
35 Example 1, Part A, (4.74 g, 25.3 mmol) in 100 mL of 

tetrahydrofuran and 50 mL of H2O at room temperature was 
added lithium hydroxide monohydrate (2.65 g, 63.2 mmol). 
The resulting mixture was allowed to stir for 16 h. The 
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tetrahydrofuran was removed in vacuo and the residue was 
diluted with saturated aqueous NaHC03 and washed with 
hexane. The organic layer was discarded. The aqueous layer 
was acidified and extracted with ethyl acetate. The 
5 organics were washed with brine, dried over MgS04 and 

concentrated in vacuo to afford 4.35 g (99%) of the title 
compound. *H NMR (CDCI3) : 8 8.21 (s, 1H) , 8.02 (d, 1H) , 
7.85 (d, 1H), 7.62 (t, 1H) , 7.61 (d, 1H) , 6.73 (d, 1H) . 

10 Part B. Preparation of trans-3-cyanocinnamoyl chloride. 

To a solution of trans-3-cyanocinnamic acid (1.25 g, 
7.2 mmol) in 20 mL of benzene was added thionyl chloride (5 
mL, 68 mmol) . The reaction was stirred at 80° C for 2 h at 
15 which time gas evolution had ceased. The mixture was cooled 
and concentrated in vacuo and was used directly in Part C 
without purification or characterization. 

Part C. Preparation of (E) -1- (3-cyanophenyl) -4- (4- 
20 bromophenyl) -l-buten-3-one . 

To a suspension of activated zinc dust (0.71 g, 10.8 
mmol) in 20 mL of tetrahydrofuran was added a few drops of 
1, 2-dibromoe thane and the resulting mixture was heated to 

25 60° C and stirred for 10 min. The reaction was cooled to 0° 
C and then there was added 4 -bromobenzy 1 bromide (2.2 g, 
8.64 mmol) in 10 mL of tetrahydrofuran. This mixture was 
stirred at 0° C for 2 h. This mixture was then added via 
cannula to a separate flask which contained lithium chloride 

30 (0.73 g, 17.3 mmol) and copper cyanide (0.77 g, 8.64 mmol) 
in 10 mL of tetrahydrofuran at -78° C. This solution was 
warmed to -10° C, stirred for 5 min and then cooled back to 
-78° C. To this mixture was then added the crude trans-3- 
cyanocinnamoyl chloride from Part B in 10 mL of 

35 tetrahydrofuran. The reaction was stirred with warming to 
room temperature f or 4 h and then was quenched with 
saturated aq NH4CI . The mixturie was diluted with ethyl 
acetate, washed with saturated aq NaHC03 and brine, dried 
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(MgS04) and concentrated in vacuo. The residue was purified 
by flash chromatography (elution with 6:1 hexanes /ethyl 
acetate) to afford 0.8 g (35%) of the title compound. MS 
(NH3-CI) 343/345 (M+NH 4 )+. 

Part D. Preparation of trans- l-benzyl-3- [ (4- 
bromophenyl) methylcarbonyl] -4- ( 3 -cyanophenyl) pyrrolidine. 



To a solution of (E) -1- (3 -cyanophenyl) -4- (4- 
10 bromophenyl) -l-buten-3-one (0.5 g, 1.53 mmol) in 10 mL of 
methylene chloride was added N-benzyl-N- 

(trimethylsilylmethyl)aminomethyl methyl ether from Example 
1, Part B, (0.47 g, 2.0 mmol) and trif luoroacetic acid 
(0.012 mL, 0.15 mmol) . The resulting solution was stirred 

15 at 25° C for 2 h. The reaction was diluted with ethyl 

acetate, washed with saturated aq NaHC03 and brine, dried 
(MgS04), filtered through a pad of silica gel and 
concentrated in vacuo to afford 0.7 g (100%) of the title 
compound which was sufficiently pure to be used without 

20 purification. MS (ESI) 459.3/461.2 (M+H)+. 



Part E. Preparation of trans~3-[(4- 

bromophenyDmethylcarbonyl] -4- (3 -cyanophenyl) pyrrolidine, 
hydrochloride salt. 

25 

Following the procedures described in Example 1, Part 
D, trans- 1 -benzyl -3- [ (4 -bromophenyl )methylcarbonyl] -4- (3- 
cyanophenyl) pyrrolidine (0.7 g, 1.52 mmol) was converted 
into 0.5 g (82%) of the title compound which was 
30 sufficiently pure to be used without purification. MS (ESI) 
369/371 (M+H)+. 



Part F. Preparation of trans-1- (methylsulf onyl) -3- [ (4- 
bromophenyl ) methylcarbonyl ] -4- ( 3 -cyanophenyl ) pyrrolidine . 

35 

Following the procedures described in Example 1, Part 
E, trans-3- [ (4 -bromophenyl) methylcarbonyl] - 4- (3- 
cyanophenyl) pyrrolidine, hydrochloride salt (0.5 g, 1.23 
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mmol) was converted into 0.25 g (45%) of the title compound 
following flash chromatography purification (elution with 
3:1 hexanes/ethyl acetate). X H NMR (CDCI3) 8 7.48 (m, 1H) , 
7.35-7.25 <m, 5H) , 6.8 (d, 2H) , 3.7-3.6 <m, 3H) , 3.50 (s, 
5 2H), 3.42-3.30 {in, 3H) , 2.81 (s, 3H) . 

Part G. Preparation of trans-1- (methylsulfonyl) -3- ( [2 ' - 

tert-butylaminosulfonyl- [1,1'] -biphenyl-4- 

yl ) methylcarbonyl ) -4 - ( 3 -cyanophenyl ) pyrrolidine . 

10 

To a solution of trans-1- (methylsulfonyl) -3- [ (4- 
bromophenyl ) methylcarbonyl ] -4- ( 3 -cyanophenyl ) pyrrolidine 
(0.25 g, 0.56 mmol) in 10 mL of benzene was added 2-<tert- 
butylaminosulfonyDphenylboronic acid (0.29 g, 1.12 mmol), 

15 tetrabutylammonium bromide (0.04 g, 0.11 mmol) and aqueous 
sodium carbonate (1 . 12 mL of a 2 . 0 M aq solution, 2.24 
mmol) . This mixture was degassed with a stream of nitrogen 
and then tetrakis (triphenylphosphine) palladium {0.07 g, 0 . 06 
mmol) was added and the reaction mixture was stirred at 80° 

20 C for 6 h. The mixture was allowed to cool to room 

temperature and then was diluted with ethyl acetate, washed 
with H2O and brine, dried over MgS04 and was concentrated in 
vacuo. The residue was purified by flash chromatography 
(elution with 1:1 hexanes/ethyl acetate) to afford 0.22 g 

25 (69%) of the title compound. MS (ESI) 580.4 (M+H)+. 

Part H. Preparation of trans~l- (methylsulfonyl) -3- { [2 ' - 
aminosulfonyl- [1, 1 ' ] -biphenyl-4-yl) methylcarbonyl) -4- (3- 
amidinophenyl) pyrrolidine, trif luoroacetic acid salt. 

30 

Following the procedures of Example 29, Part G, trans- 
1- (methylsulfonyl) -3- ( [2 ■ - tert-butylaminosulf onyl- [1,1']- 
biphenyl -4 -yl) methylcarbonyl) -4- (3 -cyanophenyl) pyrrolidine 
(0.15 g, 0.26 mmol) converted into 35 mg (21%) of the title 
35 compound as a white powder. MS (ESI) 541.4 (M+H)+. 
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Following the procedures described above, the compounds 
listed in Tables la and lb were prepared. 
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Table la 




B 

n 



Ex « Ra R ^*m Z stereochemistry n <M+2H)2* 

1 H -CO^e CH 2 (±) -trans -CH 2 Ph 169.8 



H -C0 2 Me CH 2 (±) -trans 



H -C0 2 Me CH 2 (+) -trans 



H -COjMe CH 2 (3£, 4i?> 



H -C0 2 Me CH 2 (3J?, 45) 



H -C0 2 H CH 2 i±) -trans 



H -CONH 2 CH 2 (±) -trans 



8 H -CONMe 2 CH 2 (+> -trans 



H -C0 2 Me CH 2 <±>-cis 



10 H -C0 2 H CH2 (±>-cis 



.-op 

H 2 N0 2 S 
H 2 N0 2 S 

./OP 

H 2 N0 2 S 
H 2 N0 2 S 

.K>0 

H 2 N0 2 S 

^Op 

H 2 N0 2 S 

.-op 

H 2 N0 2 S 



190.8 



247.2 



247.3 



247.3 



240.2 



239.8 



253.8 



247.2 



240.2 
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Table la (cont'd) 



Ex t Ra 



2 stereochemistry 



MS 
(M+2H)2* 



11 H -C0 2 i-Pr CH 2 



12 H -C0 2 n-Bu CH 2 



13 H -CQMe CH 2 



15 H -C0 2 Me CH 2 



16 H -C0 2 Me CH 2 



17 H -C02Me CH2 



18 H -C0 2 i-Pr CH 2 



19 H -COjMe CH 2 



(±) -trans 



(♦.) - trans 



{♦.) - trans 



14 CH 3 -C0 2 Et CH 2 (±) -trans 



(±) - trans 



i±) -trans 



i±) -trans 



i±) -trans 



(±) -trans 



sop 

H->N0 2 S 
H 2 N0 2 S 
H2N0 2 S 

.-Op 

H 2 N0 2 S 




S5 





H 2 N0 2 S 

y-op 

H 2 N0 2 S 



261.3 



268.4 



239.3 



261.3 



485.3 
(M+H)* 



236.3 



543.4 
(M+H)+ 



571.3 
(M>H)« 



470.3 
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Table la (cont'd) 



&. , .•: J «> 



MS 



Ex # Ra m Z stereochemistry n <M+2H) 2* 

20 h -C0 2 Me 0 (±) -trans -CH 2 Ph 340.2 

(M+H) ♦ 

21 H -C02Me O (±) -trans / — ( /— \ ) 495.4 

H2NO2S 

22 H -C02i-Pr O (±) -trans /— \ /— C / 523.5 



23 h -CH 2 OMe O (±) -trans /— C >— i / 481.3 

*< ^— / >— ' (M+H)< 
H2NO2S 



10 



15 



H2N0 2 / 

rOO 




Exit 


R 


bond a 


.J.'. 


A ' 


R 4 


MSI ESI) (M+H)+ 


24 


S02Me 


{±) -trans 


NH 


CH 


SO2NH2 


542 .3 




25 


S02Me 


(+) -trans 


NH 


CH 


S02NHt-Bu 


598.4 




26 


S02Me 


i±) -cis 


NH 


CH 


SO2NH2 


542.4 




27 


S02Me 


{+) -trans 


NH 


N 


SO2NH2 


272 .3 


(M+2H)2+ 


28 


S02Me 


(+. ) -trans 


NH 


N 


S02NHt-Bu 


300.3 


(M+2H)2+ 


29 


S02Me 


double 


NH 


CH 


SO2NH2 


540.3 




30 


CH2Ph 


double 


NH 


CH 


SO2NH2 


276.8 


<M+2H)2+ 


31 


S02Me 


(±) -trans 


CH 2 


CH 


SO2NH2 


541.4 





Tables 2 through 18 identify additional representative 
compounds of this invention which can be prepared by the methods 
described in Schemes 1-18 and in Examples 1-31 above. 
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Table 2 




5 


Ex# 


R 


n 


z 


R4 


B 




1 


-C02Me 


0 




F 


2 — sulf onamidoDhenvl 




2 


-C02Me 


0 


CH2 


CH3 


2 — sulf onamidoDhenvl 




3 


-C02Me 


0 


CH-? 


F 


2 -CFi -nhenvl 




4 


-C02Me 


0 


CH2 


CH3 




10 


5 


-C02Me 


0 




H 


P -PFi — "nVn»n\/l 






-C02Me 


0 




F 


nhpnvl 




7 


-C02Me 


0 


CHo 


CH3 






8 




0 




H 






9 


-COoMe 


0 




F 


am i rl i n c\ 


15 


10 


-COoMe 


0 




CHi 


ami H t nn 




11 




0 


*»**2 


H 


0— mpthvl ami ■noQiil f nnvl 
£j 111c u.njf xcuuxuwaux x ^Jixjf x 

LJIldiy X 




12 


~CH20Me 


0 


CH? 


F 


2 - sulf onamidophenyl 




13 


-CH20Me 


0 


CH? 




2 -sulf onamidophenyl 


20 


14 


-CH20Me 


0 


CH? 


F 


2 -CF 3 -phenyl 




15 


-CH20Me 


0 


CH? 


CHi 


2 -CF 3 -phenyl 




16 


-CH20Me 


0 


CH2 


H 


2 - CF i - ohenvl 




17 

X i 


v».n2^-'i*ti 


0 


U.112 


r 


pneiiy x 




18 


-CH 2 0Me 


0 


CH 2 


CH 3 


phenyl 


25 


19 


-CH 2 OMe 


0 


CH 2 


H 


phenyl 




20 


-CH 2 0Me 


0 


CH 2 


F 


amidino 




21 


-CH 2 0Me 


0 


CH 2 


CH 3 


amidino 




22 


-CH20Me 


0 


CH 2 


H 


amidino 




23 


-S0 2 CH 3 


0 


CH 2 


H 


2 - sulf onamidophenyl 


30 


24 


-SO2CH3 


0 


CH 2 


F 


2-sulf onamidophenyl 




25 


-SO2CH3 


0 


CH 2 


CH 3 


2 - sul f onamidophenyl 




26 


-SO2CH3 


0 


CH 2 


F 


2 -CF3 -phenyl 




27 


-SO2CH3 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 




28 


-SO2CH3 


0 


CH 2 


H 


2 -CF3 -phenyl 


35 


29 


-SO2CH3 


0 


CH 2 


F 


phenyl 



99 



WO 98/06694 



PCT/US97/I4222 



30 


-SO2CH3 


0 


CH 2 


CH3 




phenyl 


31 


-SO2CH3 


0 


CH2 


H 




phenyl 


32 


-SO2CH3 


0 


CH 2 


F 




amidino 


33 


-SO2CH3 


0 


CH2 


CH3 




amidino 


34 


-SO2CH3 


0 


CH2 


H 




amidino 


35 


-C0 2 Me 


0 


0 


F 


2- 


-suit onamidopheny 1 


36 


-C02Me 


0 


0 


CH3 


2- 


-sulf onamidophenyl 


37 


-C02Me 


0 


0 


F 




2 -CF3 -phenyl 


38 


-C0 2 Me 


0 


0 


CH3 




2 -CF 3 -phenyl 


39 


-C02Me 


0 


0 


H 




2 -CF 3 -phenyl 


40 


-C02Me 


0 


0 


F 




phenyl 


41 


-C02Me 


0 


0 


CH 3 




phenyl 


42 


-C02Me 


0 


0 


H 




phenyl 


43 


-C02Me 


0 


0 


F 




amidino 


44 


-C02Me 


0 


0 


CH3 




amidino 


45 


-C0 2 Me 


0 


0 


H 




amidino 


46 


-CH 2 0Me 


0 


0 


F 


2- 


-sulf onamidophenyl 


47 


-CH 2 OMe 


0 


0 


CH 3 


2 


- sul f onamidophenyl 


48 


-CH 2 OMe 


0 


0 


F 




2 -CF3 -phenyl 


49 


-CH 2 OMe 


0 


0 


CH3 




2 -CF 3 -phenyl 


50 


-CH 2 OMe 


0 


0 


H 




2 -CF3 -phenyl 


51 


-CH 2 OMe 


0 


0 


F 




phenyl 


52 


-CH 2 0Me 


0 


0 


CH3 




phenyl 


53 


-CH 2 OMe 


0 


0 


H 




phenyl 


54 


-CH 2 0Me 


0 


0 


F 




amidino 


55 


-CH 2 OMe 


0 


0 


CH3 




amidino 


56 


-CH 2 OMe 


0 


0 


H 




amidino 


57 


-SO2CH3 


0 


0 


H 


2 


- sul f onamidopheny 1 


58 


-SO2CH3 


0 


0 


F 


2 


-sulf onamidophenyl 


59 


-SO2CH3 


0 


0 


CH3 


2 


-sul f onamidophenyl 


60 


-SO2CH3 


0 


0 


F 




2 -CF 3 -phenyl 


61 


-S0 2 CH 3 


0 


0 


CH 3 




2 -CF 3 -phenyl 


62 


-SO2CH3 


0 


0 


H 




2 -CF 3 -phenyl 


63 


-SO2CH3 


0 


0 


F 




phenyl 


64 


-SO2CH3 


0 


0 


CH 3 




phenyl 


65 


-SO2CH3 


0 


0 


H 




phenyl 


66 


-SO2CH3 


0 


0 


F 




amidino 


67 


-SO2CH3 


0 


0 


CH 3 




amidino 
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68 


-S0 2 CH 3 


0 


0 


H 


amidino 




"69 


-C0 2 Me 


1 


CH 2 


H 


2 - e thy 1 aminosul f ony 1 - 
phenyl 




70 


-C02Me 


1 


CH2 


F 


2 - s u 1 f onami dopheny 1 


5 


71 


-C02Me 


1 


CH2 


CH3 


2 - sul f onami dopheny 1 




72 


-C02Me 


1 


CH2 


F 


2 -CF3 -phenyl 




73 


-C0 2 Me 


1 


CH 2 


CH3 


2 -CF3 -phenyl 




74 


-C02Me 


1 


CH 2 


H 


2 -CF3 -phenyl 




75 


-C02Me 


1 


CH2 


F 


phenyl 


10 


76 


-C02Me 


1 


CH 2 


CH3 


phenyl 




77 


-C0 2 Me 


1 


CH 2 


H 


phenyl 




78 


-C0 2 Me 


1 


CH 2 


F 


amidino 




79 


-C0 2 Me 


1 


CH 2 


CH3 


amidino 




80 


-C02Me 


1 


CH 2 


H 


amidino 


15 


81 


-CH 2 OMe 


1 


CH 2 


H 


2 -sulf onamidophenyl 




82 


-CH 2 OMe 


1 


CH 2 


F 


2 -me thylaminosul f ony 1 
phenyl 




83 


-CH 2 OMe 


1 


CH 2 


CH3 


2 - sul f onamidopheny 1 




84 


-CH 2 OMe 


1 


CH 2 


F 


2 -CF3 -phenyl 


20 


85 


-CH 2 OMe 


1 


CH 2 


CH3 


2 -CF3 -phenyl 




86 


-CH 2 OMe 


1 


CH 2 


H 


2 -CF3 -phenyl 




87 


-CH 2 OMe 


1 


CH2 


F 


phenyl 




88 


-CH 2 OMe 


1 


CH 2 


CH 3 


phenyl 




89 


-CH 2 OMe 


1 


CH 2 


H 


phenyl 


25 


90 


-CH 2 OMe 


1 


CH 2 


F 


amidino 




91 


-CH 2 OMe 


1 


CH 2 


CH3 


amidino 




92 


-CH 2 OMe 


■. 1 


CH 2 


H 


amidino 




93 


-SO2CH3 


1 


CH 2 


H 


2 - sul f onami dopheny 1 




94 


-SO2CH3 


1 


CH 2 


F 


2-sulf onamidophenyl 


30 


95 


-SO2CH3 


1 


CH2 


CH3 


2-sulf onamidophenyl 




96 


-SO2CH3 


1 


CH 2 


F 


2 -CF 3 -phenyl 




97 


-SO2CH3 


1 


CH2 


CH3 


2 -CF3 -phenyl 




98 


-SO2CH3 


1 


CH 2 


H 


2 -CF3 -phenyl 




99 


-SO2CH3 


1 


CH 2 


F 


phenyl 


35 


101 


-SO2CH3 


1 


CH 2 


CH 3 


phenyl 




102 


-SO2CH3 


1 


CH 2 


H 


phenyl 




103 


-SO2CH3 


1 


CH 2 


F 


amidino 




104 


-SO2CH3 


1 


CH 2 


CH3 


amidino 
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105 


-SO2CH3 


1 


CH 2 


H 


amidino 




106 


-C02Me 


1 


0 


H 


2 - sul f onamidopheny 1 




107 


-C0 2 Me 


1 


0 


F 


2 - s u 1 f onami dopheny 1 




108 


-C0 2 Me 


1 


0 


CH3 


2-ethylaminosulfonyl 


5 












phenyl 




109 


-C0 2 Me 


1 


0 


F 


2 -CF 3 -phenyl 




110 


-C0 2 Me 


1 


0 


CH 3 


2 -CF 3 -phenyl 




111 


-C0 2 Me 


1 


0 


H 


2 -CF 3 -phenyl 




112 


-C0 2 Me 


1 


0 


F 


phenyl 


10 


113 


-C0 2 Me 


1 


0 


CH 3 


phenyl 




114 


-C0 2 Me 


1 


0 


H 


phenyl 




115 


-C0 2 Me 


1 


0 


F 


amidino 




116 


-C0 2 Me 


1 


0 


CH 3 


amidino 




117 


-C0 2 Me 


1 


0 


H 


amidino 


15 


118 


-CH 2 OMe 


1 


0 


H 


2 - sul f onamidopheny 1 




119 


-CH 2 OMe 


1 


0 


F 


2-sulfonami dopheny 1 




120 


-CH 2 OMe 


1 


0 


CH 3 


2 - sul f onamidopheny 1 




121 


-CH 2 OMe 


1 


0 


F 


2 -CF 3 -phenyl 




122 


-CH 2 OMe 


1 


0 


CH 3 


2 -CF 3 -phenyl 


20 


123 


-CH 2 OMe 


1 


0 


H 


2 -CF 3 -phenyl 




124 


-CH 2 OMe 


1 


0 


F 


phenyl 




125 


-CH 2 OMe 


1 


0 


CH 3 


phenyl 




126 


-CH 2 OMe 


1 


0 


H 


phenyl 




127 


-CH 2 OMe 


1 


0 


F 


amidino 


25 


128 


-CH 2 OMe 


1 


0 


CH 3 


amidino 




129 


-CH 2 OMe 


1 


0 


H 


amidino 




130 


-S0 2 CH 3 


1 


0 


H 


2 - sul f onamidopheny 1 




131 


-S0 2 CH 3 


1 


0 


F 


2 - sul f onamidopheny 1 




132 


-S0 2 CH 3 


1 


0 


CH 3 


2 -sulf onamidopheny 1 


30 


133 


-S0 2 CH 3 


1 


0 


F 


2 -CF 3 -phenyl 




134 


-S0 2 CH 3 


1 


0 


CH 3 


2 -CF 3 -phenyl 




135 


-S0 2 CH 3 


1 


0 


H 


2 -CF 3 -phenyl 




136 


-S0 2 CH 3 


1 


0 


F 


phenyl 




137 


-SO2CH3 


1 


0 


CH 3 


phenyl 


35 


138 


-S0 2 CH 3 


1 


0 


H 


phenyl 




139 


-S0 2 CH 3 


1 


0 


F 


amidino 




140 


-S0 2 CH 3 


1 


0 


CH 3 


amidino 




141 


-S0 2 CH 3 


1 


0 


H 


amidino 
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Table 3 




c 
3 


EX IF 


R 


n 


NH 


r>4 
fT . 


B 




1 


-CC>2Me 


U 


CH 2 


H 


2 -sul f onamidophenyl 




o 




U 


CH2 


F 


2 - su 1 f onamidophenyl 




~i 
J 




U 


CH2 


CH3 


2 -me thy laminosul f ony 1 














phenyl 


1U 


4 


-CU2Me 


0 


CH2 


F . 


2 -CF3 -phenyl 




b 


~C0 2 Me 


0 


CH2 


CH3 


2 -CF3 -phenyl 




b 


-C02Me 


0 


CH2 


H 


2 -CF 3 -phenyl 




/ 


-C02Me 


0 


CH2 


F 


phenyl 




o 
o 


-C0 2 Me 


0 


CH2 


CH3 


phenyl 


1 c 




-C02Me 


0 


CH 2 


H 


phenyl 




10 


-C0 2 Me 


0 


CH2 


F 


amidino 




11 


-C02Me 


0 


CH2 


CH3 


amidino 




12 


-CH20Me 


0 


CH 2 


H 


2 -sulf onamidophenyl 




Ij 


-CH20Me 


0 


CH 2 


F 


2-ethylaminosulf onyl- 


20 












phenyl 








U 


P»TJ_ 
CH2 


CH3 


2 - sul f onamidophenyl 






-Un 2 UMe 


U 




F 


2 -CF3 -phenyl 




1 A 
10 


-Cn2QMe 


0 


CH 2 


CH3 


2 -CF3 -phenyl 




1 1 


~^n2VJMe 


U 


CH2 


TT 

H 


2 -CF3 -phenyl 




1 Q 
AO 


-CH 2 OMe 


0 


CH2- 


F 


phenyl 




19 


-CH 2 0Me 


0 


CH 2 


CH 3 


phenyl 




20 


-CH 2 0Me 


0 


CH 2 


H 


phenyl 




21 


-CH 2 0Me 


0 


CH 2 


F 


amidino 




22 


-CH 2 0Me 


0 


CH 2 


CH 3 


amidino 


30 


23 


-CH 2 0Me 


0 


CH 2 


■ H 


amidino 




24 


-S0 2 CH 3 


0 


CH 2 


H 


2 -sul f onamidophenyl 




25 


-SO2CH3 


0 


CH 2 


F 


2 -sulf onamidophenyl 




26 


-SO2CH3 


0 


CH 2 


CH3 


2 - sul f onami dopheny 1 




27 


-SO2CH3 


0 


CH 2 


F 


2 -CF 3 -phenyl 


35 


28 


-SO2CH3 


0 


CH 2 


CH 3 


2 -CF3 -phenyl 



103 
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29 


-SO2CH3 


0 


CH 2 


H 


2 -CF3 -phenyl 


30 


-SO2CH3 


0 


CH 2 


F 


phenyl 


31 


-SO2CH3 


0 


CH 2 


CH3 


phenyl 


32 


-SO2CH3 


0 


CH 2 


H 


phenyl 


33 


-SO2CH3 


0 


CH 2 


F 


amidino 


34 


-SO2CH3 


0 


CH 2 


CH 3 


amidino 


35 


-SO2CH3 


0 


CH 2 


H 


amidino 


36 


-C0 2 Me 


0 


0 


H 


2 - sul f onamidopheny 1 


37 


-C0 2 Me 


0 


0 


F 


2-ethylaminosulf onyl- 
phenyl 


38 


-C0 2 Me 


0 


0 


CH 3 


2 - su 1 f onami dopheny 1 


39 


-C0 2 Me 


0 


0 


F 


2 -CF3 -phenyl 


40 


-C02Me 


0 


0 


CH3 


2 -CF3 -phenyl 


41 


-C02Me 


0 


0 


H 


2 -CF3 -phenyl 


42 


-C0 2 Me 


0 


0 


F 


phenyl 


43 


-C02Me 


0 


0 


CH3 


phenyl 


44 


-C0 2 Me 


0 


0 


H 


phenyl 


45 


-C0 2 Me 


0 


0 


F 


amidino 


46 


-C0 2 Me 


0 


0 


CH3 


amidino 


47 


-C0 2 Me 


0 


0 


H 


amidino 


48 


-CH 2 OMe 


0 


0 


H 


2 - sul f onamidopheny 1 


49 


-CH 2 OMe 


0 


0 


F 


2 - sul f onamidopheny 1 


50 


-CH 2 OMe 


0 


0 


CH 3 


2-methylaminosulf onyl 
phenyl 


51 


-CH 2 OMe 


0 


0 


F 


2 -CF 3 -phenyl 


52 


-CH 2 OMe 


0 


0 


CH3 


2 -CF3 -phenyl 


53 


-CH 2 OMe 


0 


0 


H 


2 -CF3 -phenyl 


54 


-CH 2 OMe 


0 


0 


F 


phenyl 


55 


-CH 2 OMe 


0 


0 


CH3 


phenyl 


56 


-CH 2 OMe 


0 


0 


H 


phenyl 


57 


-CH 2 OMe 


0 


0 


F 


amidino 


58 


-CH 2 OMe 


0 


0 


CH3 


amidino 


59 


-CH 2 OMe 


0 


0 


H 


amidino 


60 


-SO2CH3 


0 


0 


H 


2 -sulf onamidopheny 1 


61 


-SO2CH3 


0 


0 


F 


2 - sul f onamidopheny 1 


62 


-SO2CH3 


0 


0 


CH3 


2 -sulf onamidopheny 1 


63 


-SO2CH3 


0 


0 


F 


2 -CF3 -phenyl 


64 


-SO2CH3 


0 


0 


CH3 


2 -CF3 -phenyl 
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65 


-SO2CH3 


0 


0 


H 


2-CF3 -phenyl 


66 


-SO2CH3 


0 


0 


F 


phenyl 






U 


r\ 
U 


LH3 


phenyl 


68 


-SO2CH3 


0 


0 


H 


phenyl 


by 


-bvJ2V-rl3 


U 


r\ 
U 


f 


amidino 


/u 


-SO2CH3 


U 


V 


CH3 


amidino 


71 


-SO2CH3 


0 


0 


H 


amidino 


12. 


-C02Me 


1 


/111 

CH2 


T T 

H 


2-sulf onamidophenyl 


73 


-C02Me 


1 


CH2 


F 


2-methylaminosulf onyl 
phenyl 


74 


-C02Me 


1 


CH2 


CH3 


2-sulf onamidophenyl 


75 


-C02Me 


1 


CH2 


F 


2 -CF3 -phenyl 


76 


-C02Me 


1 


CH2 


CH 3 


2 -CF 3 -phenyl 


77 


-C02Me 


1 


CH2 


H 


2 -CF 3 -phenyl 


78 


-C02Me 


1 


CH2 


F 


phenyl 


79 


-C02Me 


1 


CH 2 


CH3 


phenyl 


80 


-C02Me 


1 


CH2 


H 


phenyl 


81 


-C0 2 Me 


1 


CH 2 


F 


amidino 


82 


-C02Me 


1 


CH2 


CH3 


amidino 


83 


-C02Me 


1 


CH 2 


H 


amidino 




-CH20Me 


1 


CH2 


H 


2 - sul f onamidophenyl 


o c 


-CH20Me 


1 


CH 2 


F 


2-sulf onamidophenyl 


q a 
00 


-CH20Me 


1 


CH2 


CH3 


2 -methylammosul f onyl 
phenyl 


o n 

87 


-CH20Me 


1 


CH2 


F 


2 -CF3 -phenyl 


88 


-CH20Me 


1 


CH 2 


CH 3 


2 -CF3 -phenyl 


89 


-CH20Me 


1 


CH2 


H 


2 -CF 3 -phenyl 


on 
90 


-CH20Me 


1 


CH2 


F 


phenyl 


01 




1 


CH2 


CH3 


phenyl 


Q0 


-Ln20Me 


1 


CH2 


T T 

H 


phenyl 


01 


-Crl20Me 


1 


CH2 


F 


amidino 


y *± 


-Crl20Me 


1 


CH2 


CH3 


amidino 


95 


-CH20Me 


1 


CH 2 


H 


amidino 


96 


-SO2CH3 


1 


CH 2 


H 


2 - sul f onamidophenyl 


97 


-SO2CH3 


1 


CH 2 


F 


2 -sulf onamidophenyl 


98 


-SO2CH3 


1 


CH 2 


CH 3 


2-sulf onamidophenyl 


99 


-SO2CH3 


1 


CH 2 


F 


2 -CF 3 -phenyl 


100 


-SO2CH3 


1 


CH 2 


CH3 


2 -CF3 -phenyl 



105 
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101 


-S0 2 CH 3 


1 


CH 2 


H 


2 -CF3 -phenyl 




102 


-SO2CH3 


1 


CH 2 


F 


phenyl 




103 


-SO2CH3 


1 


CH 2 


CH3 


phenyl 




104 


-SO2CH3 


1 


CH 2 


H 


phenyl 


5 


105 


-SO2CH3 


1 


CH 2 


F 


amidino 




106 


-SO2CH3 


1 


CH 2 


CH3 


amidino 




107 


-SO2CH3 


1 


CH 2 


H 


amidino 




108 


-C0 2 Me 


1 


0 


H 


2 -sul f onamidophenyl 




109 


-C0 2 Me 


1 


0 


F 


2 -ethylaminosulf onyl 


10 












phenyl 




110 


-C0 2 Me 


1 


0 


CH3 


2 -sulf onamidophenyl 




111 


-C0 2 Me 


1 


0 


F 


2 -CF3 -phenyl 




112 


-C0 2 Me 


1 


0 


CH3 


2 -CF 3 -phenyl 




113 


-C0 2 Me 


1 


0 


H 


2 -CF 3 -phenyl 


15 




-C02Me 


1 


0 


F 


phenyl 




114 


-C0 2 Me 


1 


0 


CH 3 


phenyl 




115 


-C02Me 


1 


0 


H 


phenyl 




116 


-C02Me 


1 


0 


F 


amidino 




117 


-C02Me 


1 


0 


CH3 


amidino 


20 


118 


-C0 2 Me 


1 


0 


H 


amidino 




119 


-CH 2 OMe 


1 


0 


H 


2 - su 1 f onamidophenyl 




120 


-CH 2 OMe 


1 


0 


F 


2 - su 1 f onam i dopheny 1 




121 


-CH 2 0Me 


1 


0 


CH3 


2 -me thy laminosul f ony 
phenyl 


25 


122 


-CH 2 OMe 


1 


0 


F 


2 -CF3 -phenyl 




123 


-CH 2 0Me 


1 


0 


CH3 


2 -CF3 -phenyl 




124 


-CH 2 OMe 


1 


0 


H 


2 -CF3 -phenyl 




225 


-CH 2 0Me 


1 


0 


F 


phenyl 




226 


-CH 2 OMe 


1 


0 


CH3 


phenyl 


30 


127 


-CH 2 OMe 


1 


0 


H 


phenyl 




128 


-CH 2 0Me 


1 


0 


F 


amidino 




129 


-CH 2 OMe 


1 


0 


CH3 


amidino 




130 


-CH 2 OMe 


1 


0 


H 


amidino 




131 


-SO2CH3 


1 


0 


H 


2 - sul f onamidophenyl 


35 


132 


-S0 2 CH 3 


1 


0 


F 


2 - sul f onamidophenyl 




133 


-S0 2 CH 3 


1 


0 


CH3 


2 - sulf onamidophenyl 




134 


-SO2CH3 


1 


0 


F 


2 -CF3 -phenyl 




135 


-S0 2 CH 3 


1 


0 


CH3 


2 -CF3 -phenyl 
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136 


-SO2CH3 


l 


U 


n 


-Lf 3 -pnenyj. 


137 


-SO2CH3 


1 


0 


F 


phenyl 


138 


-SO2CH3 


1 


0 


CH 3 


phenyl 


139 


-SO2CH3 


1 


0 


H 


phenyl 


140 


-SO2CH3 


1 


0 


F 


amidino 


141 


-SO2CH3 


1 


0 


CH 3 


amidino 


142 


-SO2CH3 


1 


0 


H 


amidino 
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Table 4 




Ex# 


R 


n 


z 


R« 


B 


1 


-C02Me 


0 


CH2 


H 


2 -methylaminosul f onyl - 
phenyl 


2 


-C02Me 


0 


CH2 


F 


2-sulf onamidophenyl 


3 


-C02Me 


0 




CH3 


2 - su 1 f onamidopheny 1 


4 


-C02Me 


0 


CH2 


F 


2 -CF3 -phenyl 


5 


-C02Me 


0 


CH2 


CH3 


2 -CF3 -phenyl 


6 


-CC^Me 


0 


CH2 


H 


2 -CF3 -phenyl 


7 


-C02Me 


0 


CH2 


F 


phenyl 


8 


-CC>2Me 


0 


CH2 


CH3 


phenyl 


9 


-C02Me 


0 


CH2 


H 


phenyl 


10 


-C02Me 


0 


CH 2 


F 


amidino 


11 


-C02Me 


0 


CH 2 


CH3 


amidino 


12 


-CH20Me 


0 


CH2 


H 


2 -sulf onamidophenyl 


13 


-CH20Me 


0 


CH2 


F 


2-methylaminosulf onyl 
phenyl 


14 


-CH 2 OMe 


0 


CH 2 


CH 3 


2 -sulf onamidophenyl 


15 


-CH20Me 


0 


CH 2 


F 


2 -CF 3 -phenyl 


16 




0 




CH3 


2 -CF3 -phenyl 


17 


-CH 2 OMe 


0 


CH 2 


H 


2 -CF3 -phenyl 


18 


-CH 2 OMe 


0 


CH 2 


F 


phenyl 


19 


-CH20Me 


0 


CH 2 


CH 3 


phenyl 


20 


-CH 2 OMe 


0 


CH 2 


H 


phenyl 


21 


-CH 2 OMe 


0 


CH 2 


F 


amidino 


22 


-CH 2 OMe 


0 


CH 2 


CH 3 


amidino 


23 


-CH 2 OMe 


0 


CH 2 


H 


amidino 


24 


-S0 2 CH 3 


0 


CH 2 


H 
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138 


-SO2CH3 


1 


0 


F 


phenyl 


139 


-SO2CH3 


1 


0 


CH 3 


phenyl 


140 


-SO2CH3 


1 


0 


H 


phenyl 


141 


-SO2CH3 


1 


0 


F 


amidino 


142 


-SO2CH3 


1 


0 


CH 3 


amidino 


143 


-SO2CH3 


1 


0 


H 


amidino 
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Table 6 




5 


E2£# 


R 


n 


z 


R* 






X 






V-112 


u 
n 


z sui 1 onamiuopneny ± 




z 


_PP«Mr» 


n 
u 


v-W2 


r 


i-suir onami aopneny 1 




*> 
J 






pu. 


pu, 
CH3 


z -suxEonamiaopnenyi 




A 
*i 




u 


pu_ 


r 


^ -Lr 3 - pneny ± 




c 
-> 


"UU2W€ 


n 
u 




PXJ-% 

Uri3 


z -cr 3 -pneny 1 




o 


-LU2Me 


u 


CH 2 


TT 

rl 


2 -ur 3 - pneny 1 




/ 


-LU2Me 


A 

u 


CH 2 


r 


phenyl 




Q 
O 


— l_\J 2 Me 


Pi 
U 


L.n2 


url3 


pneny 1 




Q 


_pp«.m^ 
-v_U2Me 


u 


Cn2 


u 
ri 


pneny x 






-LU 2 Me 


u 


Url 2 


r 


diniuino 




1 1 
dLJ. 


-L.U2M€ 


n 

u 


pu* 
U«2 


L.113 


diuiaino 






— L.n 2 urae 


n 


LH2 


u 

n 


z -inetnyiaininosuii.onyi 
phenyl 






— uri 2 >-'lYie 


u 


pu, 
un2 


it 
r 


z ** t>u j. i.uiiciiuxQL)pfieny x 






— cri2Urae 


n 

u 


pu. 


pu, 


£. o u x i ui lain l uupnciiy i 






^.n2^i^" 


0 


pu. 


p 


9 -PF-> — r^Vi^n\/l 




1 £ 
J. D 


uxi2V/r i ie 


n 
u 


pu. 


pu. 


9 -PPi — T*\V*ion vl 
z wr 3 ±siixziiy ± 




17 


-CH20Me 


0 


CH2 


H 


2 -CF 3 -phenyl 




18 


-CH 2 0Me 


0 


CH 2 


F 


phenyl 


25 


19 


-CH 2 0Me 


0 


CH 2 


CH3 


phenyl 




20 


-CH 2 0Me 


0 


CH 2 


H 


phenyl 




21 


-CH 2 0Me 


0 


CH 2 


F 


amidino 




22 


-CH 2 0Me 


0 


CH 2 


CH3 


amidino 




23 


-CH 2 0Me 


0 


CH 2 


H 


amidino 


30 


24 


-S0 2 CH 3 


0 


CH 2 


H 


2 - sul f onamidopheny 1 




25 


-SO2CH3 


0 


CH 2 


F 


2 - sul f onamidopheny 1 




26 


-SO2CH3 


0 


CH 2 


CH 3 


2 - sul f onamidopheny 1 




27 


-SO2CH3 


0 


CH 2 


F 


2 -CF 3 -phenyl 




28 


-SO2CH3 


0 


CH 2 


CH3 


2 -CF 3 -phenyl 


35 


29 


-SO2CH3 


0 


CH 2 


H 


2 -CF3 -phenyl 
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30 


-SO2CH3 


0 


CH 2 


F 


phenyl 


31 


-SO2CH3 


0 


CH2 


CH3 


phenyl 


32 


-SO2CH3 


A 

u 


CH2 


TT 

n 


pnenyx 


33 


-SO2CH3 


A 


CH2 


r 


amiaino 


34 


-SO2CH3 


A 
U 


CH2 


CH3 


amidino 


35 


-SO2CH3 


0 


CH2 


H 


amidino 


36 


-C02Me 


A 
U 


0 


H 


2 - sul f onamidophenyl 


37 


-C02Me 


A 
0 


0 


F 


2 -methyl amino sul fonyl 












phenyl 


38 


-C02Me 


0 


0 


CH3 


2 - sul f onamidopheny 1 


39 


-C02Me 


0 


0 


F 


2 -CF 3 -phenyl 


40 


-C02Me 


0 


0 


CH3 


2 -CF3 -phenyl 


41 


-C02Me 


0 


0 


H 


2 -CF 3 -phenyl 


42 


-C02Me 


0 


0 


F 


phenyl 


43 


-C02Me 


0 


0 


CH3 


phenyl 


44 


-C02Me 


0 


0 


H 


phenyl 


45 


-C02Me 


0 


0 


F 


amidino 


46 


-C02Me 


0 


0 


CH3 


amidino 


47 


-C02Me 


0 


0 


H 


amidino 


48 


-CH20Me 


0 


0 


H 


2 - s u 1 f onami dopheny 1 


49 


-CH20Me 


0 


0 


F 


2 - su 1 f onamidopheny 1 


50 


-CH20Me 


0 


0 


CH3 


2 - sul f onamidophenyl 


51 


-CH20Me 


0 


0 


F 


2 -CF 3 -phenyl 


52 


-CH 2 0Me 


0 


0 


CH3 


2 -CF3 -phenyl 


53 


-CH20Me 


0 


0 


H 


2 -CF3 -phenyl 


54 


-CH20Me 


0 


0 


F 


phenyl 


55 


-CH20Me 


0 


0 


CH3 


phenyl 


56 


-CH20Me 


0 


0 


H 


phenyl 


57 


-CH20Me 


0 


0 


F 


amidino 


C ft 

58 


-CH20Me 


0 


0 


CH3 


amidino 


c a 
59 


-CH20Me 


A 

0 


0 


H 


amidino 


60 


-S02CH3 


A 


0 


H 


2 - s u 1 f onam i dopheny 1 


61 


-S02CH3 


0 


0 


F 


2 -sulf onamidopheny 1 


62 


-S02CH3 


0 


0 


CH 3 


2 -sulf onamidophenyl 


63 


-S02CH3 


0 


0 


F 


2 -CF3 -phenyl 


64 


-S02CH3 


0 


0 


CH 3 


2 -CF3 -phenyl 


65 


-S02CH3 


0 


0 


H 


2 -CF3 -phenyl 


66 


-S02CH3 


0 


0 


F 


phenyl 
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67 


-SO2CH3 


0 


0 




68 


-SO2CH3 


0 


0 




69 


-SO2CH3 


0 


0 




70 


-SO2CH3 


0 


0 


5 


71 


-SO2CH3 


0 


0 




72 


-C02Me 


1 


CH 2 




73 


-C02Me 


1 


CH 2 




74 


-C02Me 


1 


CH2 


10 


75 


-C02Me 


1 


CH2 




76 


-C02Me 


1 


CH2 




77 


-C02Me 


1 


CH2 




78 


-C02Me 


1 


CH2 




79 


-C02Me 


1 


CH2 


15 


80 


-C0 2 Me 


1 


CH 2 




81 


-C0 2 Me 


1 


CH 2 




82 


-C0 2 Me 


1 


CH 2 




83 


-C02Me 


1 


CH 2 




84 


-CH 2 OMe 


1 


CH2 


20 


85 


-CH 2 OMe 


1 


CH 2 




86 


-CH 2 OMe 


1 


CH2 




87 


-CH 2 OMe 


1 


CH2 




88 


-CH 2 OMe 


1 


CH 2 


25 


89 


-CH 2 OMe 


1 


CH 2 




90 


-CH 2 OMe 


1 


CH2 




91 


-CH 2 OMe 


1 


CH2 




92 


-CH20Me 


1 


CH2 




93 


-CH20Me 


1 


CH2 


30 


94 


-CH20Me 


1 


CH2 




95 


-CH20Me 


1 


CH2 




96 


-SO2CH3 


1 


CH2 




97 


-SO2CH3 


1 


CH 2 




98 


-SO2CH3 


1 


CH 2 


35 


99 


-SO2CH3 


1 


CH 2 




100 


-SO2CH3 


1 


CH 2 




101 


-SO2CH3 


1 


CH 2 




102 


-SO2CH3 


1 


CH 2 



PCT/US97/14222 



CH3 phenyl 

H phenyl 

F amidino 

CH3 amidino 

H amidino 

H 2-sulfonamidophenyl 

F 2 -me thy 1 aminosu 1 f ony 1 - 
phenyl 

CH3 2 -sulf onamidophenyl 

F 2 -CF3 -phenyl 

CH 3 2 -CF 3 -phenyl 

H 2 -CF 3 -phenyl 

F phenyl 

CH3 phenyl 

H phenyl 

F amidino 

CH3 amidino 

H amidino 

H 2 - su 1 f onamidophenyl 

F 2-sulfonamidophenyl 

CH3 2 -me thylaminosul f ony 1 - 

phenyl 

F 2 -CF3 -phenyl 

CH3 2 -CF3 -phenyl 

H 2 -CF 3 -phenyl 

F phenyl 

CH3 phenyl 

H phenyl 

F amidino 

CH3 amidino 

H amidino 

H 2 - sul f onamidophenyl 

F 2 - sul f onamidophenyl 

CH3 2 - sul f onamidophenyl 

F 2 -CF3 -phenyl 

CH3 2 -CF 3 -phenyl 
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103 


-S0 2 CH 3 


1 


CH 2 


CH 3 


phenyl 




104 


-SO2CH3 


1 


CH2 


H 


phenyl 




105 


-SO2CH3 


1 


CH 2 


F 


amidino 




106 


-SO2CH3 


1 


CH 2 


CH 3 


amidino 


5 


107 


-SO2CH3 


1 


CH 2 


H 


amidino 




108 


-C02Me 


1 


0 


H 


2-methylaminosulf onyl 
phenyl 




109 


-C02Me 


1 


0 


F 


2 - sul f onamidopheny 1 




110 


-C02Me 


1 


0 


CH3 


2 - sul f onamidopheny 1 


10 


111 


-C0 2 Me 


1 


0 


F 


2 -CF3 -phenyl 




112 


-C02Me 


1 


0 


CH 3 


2 -CF3 -phenyl 




113 


-C0 2 Me 


1 


0 


H 


2 -CF3 -phenyl 




114 


-C0 2 Me 


1 


0 


F 


phenyl 




115 


-C0 2 Me 


1 


0 


CH3 


phenyl 


15 


116 


-C02Me 


1 


0 


H 


phenyl 




117 


-C02Me 


1 


0 


F 


amidino 




118 


-C0 2 Me 


1 


0 


CH 3 


amidino 




119 


-C0 2 Me 


1 


0 


H 


amidino 




120 


-CH 2 OMe 


1 


0 


H 


2 -sulf onamidophenyl 


20 


121 


-CH 2 OMe 


1 


0 


F 


2 -methylaminosulf ony 1 
phenyl 




122 


-CH20Me 


1 


0 


CH3 


2 - sul f onamidopheny 1 




123 


-CH 2 OMe 


1 


0 


F 


2 -CF 3 -phenyl 




124 


-CH 2 OMe 


1 


0 


CH 3 


2 -CF3 -phenyl 


25 


125 


-CH 2 OMe 


1 


0 


H 


2 -CF3 -phenyl 




126 


-CH20Me 


1 


0 


F 


phenyl 




127 


-CH 2 OMe 


1 


0 


CH3 


phenyl 




128 


-CH20Me 


1 


0 


H 


phenyl 




129 


-CH20Me 


1 


0 


F 


amidino 


30 


130 


-CH20Me 


1 


0 


CH 3 


amidino 




131 


-CH20Me 


1 


0 


H 


amidino 




132 


-SO2CH3 


1 


0 


H 


2 - sul f onamidophenyl 




133 


-SO2CH3 


1 


0 


F 


2-sulf onamidophenyl 




134 


-SO2CH3 


1 


0 


CH3 


2 - sul f onamidophenyl 


35 


135 


-SO2CH3 


1 


0 


F 


2 -CF3 -phenyl 




136 


-SO2CH3 


1 


0 


CH 3 


2 -CF3 -phenyl 




137 


-SO2CH3 


1 


0 


H 


2 -CF3 -phenyl 




138 


-SO2CH3 


1 


0 


F 


phenyl 
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139 


-SO2CH3 


1 


0 


CH3 


phenyl 


140 


-SO2CH3 


1 


0 


H 


phenyl 


141 


-SO2CH3 


1 


0 


F 


amidino 


142 


-SO2CH3 


1 


0 


CH 3 


amidino 


143 


-SO2CH3 


1 


0 


H 


amidino 
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Table 7 



H 2 : 




5 




R 


n 


z 


R4 


B 




1 


-C02Me 


0 


CH 2 


H 


2 - sul f onamidopheny 1 




2 


-C0 2 Me 


0 


CH 2 


F 


2 - sul f onami dopheny 1 




3 


-C0 2 Me 


0 


CH 2 


CH 3 


2-methylaminosulf on: 
phenyl 


10 


4 


-C0 2 Me 


0 


CH 2 


F 


2 -CF 3 -phenyl 




5 


-C0 2 Me 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 




6 


-C0 2 Me 


0 


CH 2 


H 


2 -CF 3 -phenyl 




7 


-C0 2 Me 


0 


CH 2 


F 


phenyl 




8 


-C0 2 Me 


0 


CH 2 


CH 3 


phenyl 


15 


9 


-C0 2 Me 


0 


CH 2 


H 


phenyl 




10 


-C0 2 Me 


0 


CH 2 


F 


amidino 




11 


-C0 2 Me 


0 


CH 2 


CH 3 


amidino 




12 


-CH 2 OMe 


0 


CH 2 


H 


2 - sul f onamidopheny 1 




13 


-CH 2 OMe 


0 


CH 2 


F 


2 -sul f onamidopheny 1 


20 


14 


-CH 2 OMe 


0 


CH 2 


CH 3 


2 -sul f onamidophenyl 




15 


-CH 2 OMe 


0 


CH 2 


F 


2 -CF 3 - phenyl 




16 


-CH 2 OMe 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 




17 


-CH 2 OMe 


0 


CH 2 


H 


2 -CF 3 -phenyl 




18 


-CH 2 OMe 


0 


CH 2 


F 


phenyl 


25 


19 


-CH 2 OMe 


0 


CH 2 


CH 3 


phenyl 




20 


-CH 2 OMe 


0 


CH 2 


H 


phenyl 




21 


-CH 2 OMe 


0 


CH 2 


F 


amidino 




22 


-CH 2 OMe 


0 


CH 2 


CH 3 


amidino 




23 


-CH 2 OMe 


0 


CH 2 


H 


amidino 


30 


24 


-S0 2 CH 3 


0 


CH 2 


H 


2 -sul f onamidophenyl 




25 


-S0 2 CH 3 


0 


CH 2 


F 


2 -sulf onamidophenyl 




26 


-S0 2 CH 3 


0 


CH 2 


CH 3 


2 - sul f onamidopheny 1 




27 


-S0 2 CH 3 


0 


CH 2 


F 


2 -CF 3 -phenyl 




28 


-S0 2 CH 3 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 
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29 


-S0 2 CH 3 


0 


CH 2 


H 


2 -CF 3 -phenyl 




30 


-SO2CH3 


0 


CH 2 


F 


phenyl 




31 


-SO2CH3 


0 


CH2 


CH 3 


phenyl 




32 


-SO2CH3 


0 


CH 2 


H 


phenyl 


5 


33 


-SO2CH3 


0 


CH 2 


F 


amidino 




34 


-SO2CH3 


0 


CH 2 


CH3 


amidino 




35 


-SO2CH3 


0 


CH 2 


H 


amidino 




36 


-C02Me 


0 


0 


H 


2 -me thy laminosul f ony 1 - 














phenyl 


10 


37 


-C02Me 


0 


0 


F 


2 - sul f onamidopheny 1 




38 


-C02Me 


0 


0 


CH3 


2-sulfonamidophenyl 




39 


-C0 2 Me 


0 


0 


F 


2 -CF3 -phenyl 




40 


-C0 2 Me 


0 


0 


CH3 


2 -CF 3 -phenyl 




41 


-C0 2 Me 


0 


0 


H 


2 -CF3 -phenyl 


15 


42 


-C0 2 Me 


0 


0 


F 


phenyl 




43 


-C0 2 Me 


0 


0 


CH 3 


phenyl 




44 


-C0 2 Me 


0 


0 


H 


phenyl 




45 


-C0 2 Me 


0 


0 


F 


amidino 




46 


-C0 2 Me 


0 


0 


CH3 


amidino 


20 


47 


-C0 2 Me 


0 


0 


H 


amidino 




48 


-CH 2 OMe 


0 


0 


H 


2 - sul f onamidopheny 1 




49 


-CH20Me 


0 


0 


F 


2 - sul f onamidopheny 1 




50 


-CH 2 OMe 


0 


0 


CH 3 


2 - sul f onamidopheny 1 




51 


-CH 2 OMe 


0 


0 


F 


2 -CF3 -phenyl 


25 


52 


-CH 2 OMe 


0 


0 


CH3 


2 -CF 3 -phenyl 




53 


-CH 2 OMe 


0 


0 


H 


2 -CF3 -phenyl 




54 


-CH 2 OMe 


0 


0 


F 


phenyl 




55 


-CH 2 OMe 


0 


0 


CH3 


phenyl 




56 


-CH 2 OMe 


0 


0 


H 


phenyl 


30 


57 


-CH 2 OMe 


0 


0 


F 


amidino 




58 


-CH 2 OMe 


0 


0 


CH3 


amidino 




59 


-CH 2 OMe 


0 


0 


H 


amidino 




60 


-SO2CH3 


0 


0 


H 


2 -sul f onamidopheny 1 




61 


-SO2CH3 


0 


0 


F 


2 - sul f onamidopheny 1 


35 


62 


-SO2CH3 


0 


0 


CH 3 


2 - sul f onamidopheny 1 




63 


-SO2CH3 


0 


0 


F 


2 -CF3 -phenyl 




64 


-SO2CH3 


0 


0 


CH3 


2 -CF 3 -phenyl 




65 


-SO2CH3 


0 


0 


H 


2 -CF 3 -phenyl 
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66 


-SO2CH3 


U 




r 


phenyl 


an 
b / 




r\ 
\J 


V 


V-I13 


pnenyx 


68 


-SO2CH3 


0 


0 


H 


phenyl 


Oy 


— oU2v-*i3 


u 


n 


r 


amiuino 


/ U 


— dU2^»«3 


n 
u 


n 
u 


UII3 


amiuino 


"71 
/ X 




n 
u 


u 


tj 

n 


amidino 






1 

JL 


CH2 


TJ 

n 


2 -sulf onamidophenyl 




-LU2WG 


1 

± 


CH2 


r 


<s -roetnyxaminosuXEonyx 
phenyl 


1 A 


-L0 2 Me 


1 


CH2 


CH3 


2 - sulf onamidophenyl 


n c 

/D 


-C02^e 


1 


CH2 


F 


2 -CF 3 -phenyl 


76 


-C02Me 


1 


CH2 


CH 3 


2 -CF 3 -phenyl 


77 


-C02Me 


X 


CH2 


H 


2 -CF3 -phenyl 


78 


-C02Me 


1 


CH 2 


F 


phenyl 


79 


-CU2Me 


1 


CH 2 


CH3 


phenyl 




-C02Me 


1 


CH2 


H 


phenyl 


81 


-C02Me 


1 


CH 2 


F 


amidino 


oZ 


-CL>2Me 


1 


CH2 


CH3 


amidino 


o J 


-C02Me 


1 


CH2 


T T 

H 


amidino 




-CH20Me 


1 


CH2 


H 


2 - sul f onamidophenyl 


o c 


-Cfi20Me 


1 


CH2 


F 


2 - s u 1 f onami dopheny 1 


oo 


-CH20Me 


1 


CH2 


CH3 


2 -me thyl amino sul fonyl 
phenyl 


O / 


-Crl20Me 


1 


CH2 


F 


2 -CF3 -phenyl 


O D 
OO 


-CH20Me 


1 


CH2 


CK3 


2 -CF 3 -phenyl 


o o 

by 


-CH20Me 


1 


/ITT 
CH2 


H 


2 -CF3 -phenyl 




-CH20Me 


1 


CH2 


F 


phenyl 


Q 1 


PU«AWa 

-Crl2UMe 


JL 


CH2 


CH3 


phenyl 




i_zi2Urie 


1 


<-M2 


fl 


phenyl 


-7 J 


v-.fl2^W6 


X 


t_n 2 


T? 

r 


amidino 




— L.ri2UMe 


X 


LH2 


CH3 


amidino 


-7D 


-v-n2vJrle 


X 


Lrl2 


M 


amidino 


96 


-SO2CH3 


1 


CH2 


H 


2-sulf onamidophenyl 


97 


-SO2CH3 


1 


CH 2 


F 


2-sulf onamidophenyl 


98 


-SO2CH3 


1 


CH 2 


CH 3 


2 - su 1 f onamidophenyl 


99 


-SO2CH3 


1 


CH 2 


F 


2 -CF 3 -phenyl 


100 


-SO2CH3 


1 


CH 2 


CH 3 


2 -CF3 -phenyl 


101 


-SO2CH3 


1 


CH 2 


H 


2 -CF3 -phenyl 
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102 


-S0 2 CH 3 


1 ' 


CH 2 


F 


phenyl 




103 


-SO2CH3 


1 


CH 2 


CH3 


phenyl 




104 


-SO2CH3 


1 


CH 2 


H 


phenyl 




105 


-SO2CH3 


1 


CH 2 


F 


amidino 


5 


106 


-SO2CH3 


1 


CH 2 


CH3 


amidino 




107 


-SO2CH3 


1 


CH 2 


H 


amidino 




108 


-C02Me 


1 


0 


H 


2 - sul f onamidopheny 1 




109 


-C0 2 Me 


1 


0 


F 


2 - sul f onamidopheny 1 




110 


-C0 2 Me 


1 


0 


CH 3 


2 - sul f onamidopheny 1 


10 


111 


-C0 2 Me 


1 


0 


F 


2 -CF3 -phenyl 




112 


-C0 2 Me 


1 


0 


CH 3 


2 -CF3 -phenyl 




113 


-C0 2 Me 


1 


0 


H 


2 -CF3 -phenyl 




114 


-C0 2 Me 


1 


0 


F 


phenyl 




115 


-C02Me 


1 


0 


CH 3 


phenyl 


15 


116 


-C0 2 Me 


1 


0 


H 


phenyl 




117 


-C0 2 Me 


1 


0 


F 


amidino 




118 


-C0 2 Me 


1 


0 


CH3 


amidino 




119 


-C02Me 


1 


0 


H 


amidino 




120 


-CH 2 OMe 


1 


0 


H 


2 - sul f onamidopheny 1 


20 


121 


-CH 2 OMe 


1 


0 


F 


2 - sul f onamidopheny 1 




122 


-CH 2 OMe 


1 


0 


CH 3 


2 - su 1 f onam i dopheny 1 




123 


-CH 2 OMe 


1 


0 


F 


2 -CF 3 -phenyl 




124 


-CH 2 OMe 


1 


0 


CH 3 


2 -CF3 -phenyl 




125 


-CH 2 OMe 


1 


0 


H 


2 -CF3 -phenyl 


25 


126 


-CH 2 OMe 


1 


0 


F 


phenyl 




127 


-CH 2 OMe 


1 


0 


CH 3 


phenyl 




128 


-CH 2 OMe 


1 


0 


H 


phenyl 




129 


-CH 2 OMe 


1 


0 


F 


amidino 




130 


-CH 2 OMe 


1 


0 


CH 3 


amidino 


30 


131 


-CH 2 OMe 


1 


0 


H 


amidino 




132 


-SO2CH3 


1 


0 


F 


2 - sul f onamidopheny 1 




133 


-SO2CH3 


1 


0 


CH 3 


2 - su 1 f onami dopheny 1 




134 


-S0 2 CH3 


1 


0 


F 


2 -CF3 -phenyl 




135 


-SO2CH3 


1 


0 


CH3 


2 -CF3 -phenyl 


35 


136 


-SO2CH3 


1 


0 


H 


2 -CF 3 -phenyl 




137 


-S0 2 CH 3 


1 


0 


F 


phenyl 




138 


-SO2CH3 


1 


0 


CH 3 


phenyl 




139 


-SO2CH3 


1 


0 


H 


phenyl 
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140 -SO2CH3 10 F . amidino 

141 -SO2CH3 1 0 CH 3 amidino 

142 -SO2CH3 10 H amidino 
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Table 8 




5 Erf B D 2 El 



1 


-C0 2 Me 


0 


CH 2 


H 


2 -methylarainosul f ony 1 - 
phenyl 


2 


-C0 2 Me 


0 


CH 2 


F 


2 -sul f onamidophenyl 


3 


-C0 2 Me 


0 


CH 2 


CH 3 


2-sulfonamidophenyl 


4 


-C0 2 Me 


0 


CH 2 


F 


2 -CF 3 -phenyl 


5 


-C0 2 Me 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 


6 


-C0 2 Me 


0 


CH 2 


H 


2 -CF 3 -phenyl 


7 


-C0 2 Me 


0 


CH 2 


F 


phenyl 


8 


-C0 2 Me 


0 


CH 2 


CH 3 


phenyl 


9 


-C0 2 Me 


0 


CH 2 


H 


phenyl 


10 


-C0 2 Me 


0 


CH 2 


F 


amidino 


11 


-C0 2 Me 


0 


CH 2 


CH 3 


amidino 


12 


-CH 2 OMe 


0 


CH 2 


H 


2 - su 1 f onamidopheny 1 


13 


-CH 2 OMe 


0 


CH 2 


F 


2 -methylaminosulf onyl 
phenyl 


14 


-CH 2 OMe 


0 


CH 2 


CH 3 


2-sulfonamidophenyl 


15 


-CH 2 OMe 


0 


CH 2 


F 


2 -CF 3 -phenyl 


16 


-CH 2 OMe 


0 


CH 2 


CH 3 


2 -CF 3 -phenyl 


17 


-CH 2 OMe 


.0 


CH 2 


H 


2 -CF 3 -phenyl 


18 


-CH 2 OMe 


0 


CH 2 


F 


phenyl 


19 


-CH 2 OMe 


0 


CH 2 


CH 3 


phenyl 


20 


-CH 2 OMe 


0 


CH 2 


H 


phenyl 


21 


-CH 2 OMe 


0 


CH 2 


F 


amidino 


22 


-CH 2 OMe 


0 


CH 2 


CH 3 


amidino 


23 


-CH 2 OMe 


0 


CH 2 


H 


amidino 


24 


-S0 2 CH 3 


0 


CH 2 


H 


2-sulfonamidophenyl 


25 


-S0 2 CH 3 


0 


CH 2 


F 


2 - sul f onamidophenyl 


26 


-S0 2 CH 3 


0 


CH 2 


CH 3 


2 - su 1 f onamidopheny 1 


27 


-S0 2 CH 3 


0 


CH 2 


F 


2 -CF 3 -phenyl 
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2o 


-SO2CH3 


n 
u 




v»r*3 


ur3~pnenyj. 


29 




A 
U 


CH2 


ti 
n 


^ \~r 3 — pnenyx 


30 


-S02CH3 


rv 
U 


Cxi2 


n» 
r 


pneny 1 


31 




A 
U 


<-H 2 


L.113 


piicnyj. 


32 


-bU 2 Lri3 


A 
U 


un 2 


ij 
n 


pxit=ny x. 




— arisen 
-oU2^-rl3 


A 

u 


V-fl 2 






34 


-0U2UH3 


A 

u 


Url2 




cuiuuino 


35 


-S02 c «3 


A 
U 


CH2 


n 


oiuiuino 


36 


-LU 2 Me 


A 

u 


U 


n 


-6 - suit onamiaopneny x 


J / 


-CO2™ 


A 

u 


r\ 
O 


r 


2 - su 1 r onairii aopneny 1 


*5 O 
JO 


-uu2Me 


A 

u 


O 


CH3 


z -mecnyianiinosux r ony 1 












phenyl 


39 


-CU2Me 


0 


0 


F 


2 -CF3 -phenyl 


A A 

40 


-C02Me 


0 


0 


/-ITT 
CH 3 


2 -CF 3 -phenyl 


41 


-C02Me 


0 


0 


TT 

H 


2 -CF3 -phenyl 


42 


-C0 2 Me 


0 


0 


F 


phenyl 


43 


-CQ 2 Me 


u 


0 


pTJ_ 
CH3 


phenyl 


44 


-C02Me 


0 


0 


H 


phenyl 


A C 


-CU 2 Me 


A 

u 


0 


T-1 

r 


aroidino 


46 


-C02Me 


A 

0 


0 


CH3 


amidi.no 


A 1 

4 / 


-C02Me 


A 
U 


0 


TT 

n 


3inidi.no 


A O 

4o 


-CH20Me 


□ 


0 


TT 

H 


2 -sulf onamidophenyl 


49 


Pit _ riM ^ 

-Cn20Me 


A 
U 


p\ 

0 


T-l 

r 


2 -sul f onainidophenyl 


c n 
bU 


-Lri20Me 


A 
U 


/-V 

0 


PTT _ 
Lll3 


2 -sulf onamidophenyl 


C 1 


-Cn20Me 


U 


0 


r 


z - l r 3 -pneny 1 


52 


-CH20Me 


0 


0 


P*T_T 
CH 3 


2 -CF 3 -phenyl 


53 


-CH20Me 


0 


0 


H 


2 -CF3 -phenyl 


34 


-CH20MG 


u 


0 


F 


phenyl 


3D 


-ur^une 


A 
U 


P\ 

u 


L.ri3 


pneny 1 


JO 


-l_n2UMe 


A 
U 


u 


0 
n 


pnenyi 


3 / 


v^ri2UJTie 


A 
U 


r\ 
U 


T? 

r 


oiuiQino 


DO 


~v-n2^we 


A 
U 




UH3 


amidi.no 


59 


-CH20Me 


0 


0 


H 


amidino 


60 


-S0 2 CH 3 


0 


0 


H 


2-sulf onamidophenyl 


61 


-SO2CH3 


0 


0 


F 


2 - sul f onamidopheny 1 


62 


-SO2CH3 


0 


0 


CH3 


2 - sul f onamidopheny 1 


63 


-SO2CH3 


0 


0 


F 


2 -CF3 -phenyl 


64 


-SO2CH3 


0 


0 


CH 3 


2 -CF3 -phenyl 
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65 


-SO2CH3 


0 


0 


H 




2 -CF3 -phenyl 




66 


-SO2CH3 


0 


0 


F 




phenyl 




67 


-SO2CH3 


A 

0 


0 


CH3 




phenyl 




68 


-SO2CH3 


0 


0 


n 




phenyl 


5 


69 


-S02CH3 


0 


0 


F 




amid mo 




70 


-S02CH3 


0 


0 


ATT 
CH3 




amidino 




71 


-S02CH3 


0 


0 


H 




amidino 




72 


-C02Me 


1 


CH2 


H 


2- 


■ s u 1 f onami dopheny 1 




73 


-C02Me 


1 


CH2 


F 


2- 


• sul f onami dopheny 1 


10 


74 


-C02Me 


1 


CH2 


CH3 


2- 


• s u 1 f onamidopheny 1 




75 


-C02Me 


1 


CH2 


F 




2 -CF3 -phenyl 




76 


-C02Me 


1 


CH2 


CH3 




2 -CF3 -phenyl 




77 


-C02Me 


1 


CH 2 


H 




2 -CF3 -phenyl 




78 


-C02Me 


1 


CH2 


F 




phenyl 


15 


79 


-C02Me 


1 


CH2 


CH 3 




phenyl 




80 


-C02Me 


1 


CH2 


H 




phenyl 




81 


-C02Me 


1 


CH2 


F 




amidino 




82 


-CC^Me 


1 


CH 2 


CH3 




amidino 




83 


-C02Me 


1 


CH 2 


H 




amidino 


20 


84 


-CH20Me 


1 


CH2 


H 


2- 


- sul f onamidopheny 1 




85 


-CH20Me 


1 


CH 2 


F 


2- 


- s ul f onam i dopheny 1 




86 


-CH20Me 


1 


CH 2 


CH3 


2- 


- sul f onamidopheny 1 




87 


-CH20Me 


1 


CH2 


F 




2 -CF3 - phenyl 




88 


-CH20Me 


1 


CH2 


CH3 




2 -CF3 -phenyl 


25 


89 


-CH20Me 


1 


CH2 


H 




2 -CF3 -phenyl 




90 


-CH20Me 


1 


CH2 


F 




phenyl 




91 


-CH20Me 


1 


CH2 


CH3 




phenyl 




92 


-CH20Me 


1 


CH2 


H 




phenyl 




93 


-CH20Me 


1 


CH2 


F 




amidino 


30 


94 


-CH20Me 


1 


CH2 


CH3 




amidino 




95 


-CH20Me 


1 


CH2 


H 




amidino 




96 


-SO2CH3 


1 


CH2 


H 


2 


- s u 1 f onami dopheny 1 




97 


-SO2CH3 


1 


CH 2 


F 


2 


-sulfonamidophenyl 




98 


-S0 2 CH 3 


1 


CH 2 


CH 3 


2 - s u 1 f onami dopheny 1 


35 


99 


-SO2CH3 


1 


CH 2 


F 




2 -CF3 -phenyl 




100 


-SO2CH3 


1 


CH 2 


CH 3 




2 -CF 3 -phenyl 




101 


-SO2CH3 


1 


CH 2 


H 




2 -CF3 -phenyl 




102 


-SO2CH3 


1 


CH 2 


F 




phenyl 
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103 


-SO2CH3 


1 


CH2 


v-rt3 




^-/iieiiy x 




1 ft A 

104 


-SO2CH3 


1 


utl2 


n 




jji icily x 




105 




1 




p 

r 




ami rl i no 




106 




1 
X 


v-ri2 


PH-a 




jaTni H i no 

CU 1 1 A. li Iv 


5 


10 / 


cp^pu-v. 
-bU2Uri3 


X 


cn2 


U 

n 




ami Hi TIO 




i no 
108 


PA«Ma 


X 


w 


u 
n 


0. 

£* 


- cii 1 f* nnsm i plooH*»nvfl 
ouii \jiicuiLXU.^}yiiciljr X 




109 


-LU2WS 


X 




P 
r 


J. 


&uii uiicunxu.uLyiiciiy x 




1 1 ft 
110 


-C02Me 


1 


u 


url3 


~) . 


- sux x oncuuxuopneny x 




ill 
111 




n 
X 


u 


p 
r 




9 _ C*T* •* — r^vV^ an \r"\ 

z~v»r 3 -pnenyi 


10 


112 


-CU2Me 




u 


pu, 
Ctt3 




z — L.r 3 - pnenyx 




113 


-C02Me 


X 


u 






z — L.r 3 —pnenyx 




114 


-C02Me 


1 


r\ 

V 


r 




pnenyx 




115 


-C02Me 


1 


r\ 
V 


PXI- 

Cn 3 




pnenyx 




116 


-cc>2Me 


X 


V 


ri 




pnenyx 


15 


117 


-C02Me 


T 
X 


u 


IT 

r 




aluluino 




1 1 o 

118 


-C02"e 


X 


r\ 
U 


L.H3 




cUUXClXiiU 




119 


-C02Me 


1 


V 


M 




cuuxcixno 




120 


~CH20Me 


1 


r\ 
V 


TJ 


z 


- s u x r onaiu x aopneny x 




121 


-CH20Me 


1 


U 


P 

r 




■* sux x uncunxciopneny x 


20 


122 


-CH20Me 


1 


r\ 
O 


PIT- 

Un3 


Z 


- sux x onairii aopneny x 




123 


-CH20Me 


1 


V 


r 




£. \-.r 3 —pnenyx 




124 


-CH20Me 


1 


U 






z L.r 3 —pnenyx 




125 


-CH20Me 


1 


U 


TJ 

n 




z — L.r 3 -pnenyx 




126 


-CH20Me 


1 


r\ 
U 


r 




pnenyx 


25 


127 


-Ctt20Me 


1 


0 


pTT 




pnenyx 




128 


-Cri20Me 


1 


r\ 
O 


ri 




pnenyx 
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-Cri20Me 


1 


V 


r 




cunxcixno 




1-3 u 


~L.ri2wWe 


X 








CU.llXU.Xiiw 






P'U-vAMia 


X 


Pi 

vJ 


n 




CUILXvXXIivJ 




1 JZ 


- bvJ2v-.n3 


X 


p\ 


p 


9 


ou.x xvjiicuuxu<jpiieiiy x 






-oU2v-rt3 


X 


r\ 
U 


PTT_ 


z 


0 u. x x oiicunx tiopn eny x 




134 


-b02Cn3 


1 


U 


p 
r 




z — v_r 3— pnenyx 




135 


-SO2CH3 


1 


0 


CH 3 




2 -CF3 -phenyl 




136 


-SO2CH3 


1 


0 


H 




2 -CF3 -phenyl 


35 


137 


-SO2CH3 


1 


0 


F 




phenyl 




138 


-SO2CH3 


1 


0 


CH 3 




phenyl 




139 


-SO2CH3 


1 


0 


H 




phenyl 




140 


-SO2CH3 


1 


0 


F 




amidino 
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141 
142 



-S0 2 CH 3 
-SO2CH3 



1 
1 



0 
0 



CH3 
H 



amidino 
amidino 
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Table 9 




5 




R 


n 


z 


R 4 


B 




1 


-C02Me 


0 


0 


H 


2 - S U 1 f on ami dor>h pnv 1 




2 


-C02Me 


0 


0 


F 


2 - sul f onamidonhenvl 




3 


-C02Me 


0 


0 




2 —sul f onamidonhenvl 




4 


-C02Me 


0 


0 


F 


2 -CFi -nhpnvl 


10 


5 


-C02Me 


0 


0 


CH3 


2 — CFi — ohenvl 




6 


-C02Me 


0 


0 


H 


2 -CF-5 - nhpnvl 




7 


-C02Me 


0 


0 


F 






8 




0 


A 


fH-5 






9 




0 


o 


H 


rihpnvT 
£Jiiciiy x 


15 


10 




0 


0 


F 


ami riS no 




11 

X X 




0 


V-/ 




aTTi 1 Hi T*\Oi 
CUIU.UXX1U 




12 




0 


0 


H 


aiTii Hi no 




13 


-CHoOMe 


0 


O 


H 


0 — qii 1 f onaiTiT n'nn»hpn\/1 




14 


-CHoOMe 


0 


0 


F 


2 — methvlaminosulf onvl 


20 












rihpnvT 

^/iicuy x 




15 


-CH20Me 


0 


0 


CH3 


2 -sul f onamidopheny 1 




16 


-CH 2 0Me 


0 


0 


F 


2 -CF-j - ohenvl 




17 




0 


n 








18 


-CH 2 0Me 


0 


0 


H 


2 -CF3 -phenyl 


25 


19 


-CH 2 0Me 


0 


0 


F 


phenyl 




20 


-CH 2 0Me 


0 


0 


CH 3 


phenyl 




21 


-CH 2 0Me 


0 


0 


H 


phenyl 




22 


-CH 2 0Me 


0 


0 


F 


amidino 




23 


-CH 2 0Me 


0 


0 


CH 3 


amidino 


30 


24 


-CH 2 0Me 


0 


0 


H 


amidino 




25 


-S0 2 CH 3 


0 


0 


H 


2 - sul f onamidopheny 1 




26 


-SO2CH3 


0 


0 


F 


2 -sulf onamidopheny 1 




27 


-SO2CH3 


0 


0 


CH 3 


2 - sul f onamidopheny 1 




28 


-SO2CH3 


0 


0 


F 


2 -CF3 -phenyl 


35 


29 


-SO2CH3 


0 


0 


CH 3 


2 -CF3 -phenyl 



133 



WO 98/06694 PCT/US97/14222 





30 


-S0 2 CH 3 


0 


0 


H 


2 -CF3 -phenyl 




31 


-SO2CH3 


0 


0 


F 


phenyl 




32 


-SO2CH3 


0 


0 


CH 3 


phenyl 




33 


-SO2CH3 


0 


0 


H 


phenyl 


5 


34 


-SO2CH3 


0 


0 


F 


amidino 




35 


-SO2CH3 


0 


0 


CH3 


amidino 




36 


-SO2CH3 


0 


0 


H 


amidino 




37 


-C0 2 Me 


1 


0 


H 


2 -methy laminosulf onyl - 
phenyl 


10 


38 


-C0 2 Me 


1 


0 


F 


2 -sulf onamidophenyl 




39 


-C0 2 Me 


1 


0 


CH3 


2 -sulf onamidophenyl 




40 


-C0 2 Me 


1 


0 


F 


2 -CF3 -phenyl 




41 


-C0 2 Me 


1 


0 


CH3 


2 -CF 3 -phenyl 




42 


-C02Me 


1 


0 


H 


2 -CF3 -phenyl 


15 


43 


-C02Me 


1 


0 


F 


phenyl 




44 


-C0 2 Me 


1 


0 


CH3 


phenyl 




45 


-C0 2 Me 


1 


0 


H 


phenyl 




46 


-C0 2 Me 


1 


0 


F 


amidino 




47 


-C0 2 Me 


1 


0 


CH3 


amidino 


20 


48 


-C0 2 Me 


1 


0 


H 


amidino 




49 


-CH 2 OMe 


1 


0 


H 


2 -sulf onamidophenyl 




50 


-CH 2 OMe 


1 


0 


F 


2 -me thy laminosu 1 f onyl 
phenyl 




51 


-CH 2 OMe 


1 


0 


CH 3 


2 - sul f onamidopheny 1 


25 


52 


-CH 2 OMe 


1 


0 


F 


2 -CF3 -phenyl 




53 


-CH 2 OMe 


1 


0 


CH3 


2 -CF3 -phenyl 




54 


-CH 2 OMe 


1 


0 


H 


2 -CF 3 -phenyl 




55 


-CH 2 OMe 


1 


0 


F 


phenyl 




56 


-CH 2 OMe 


1 


0 


CH 3 


phenyl 


30 


57 


-CH 2 OMe 


1 


0 


H 


phenyl 




58 


-CH 2 OMe 


1 


0 


F 


amidino 




59 


-CH 2 OMe 


1 


0 


CH3 


amidino 




60 


-CH 2 OMe 


1 


0 


H 


amidino 




61 


-SO2CH3 


1 


0 


H 


2 -sulf onamidophenyl 


35 


62 


-SO2CH3 


1 


0 


F 


2 - sul f onamidophenyl 




63 


-SO2CH3 


1 


0 


CH 3 


2 -sulf onamidophenyl 




64 


-SO2CH3 


1 


0 


F 


2 -CF3 -phenyl 




65 


-SO2CH3 


1 


0 


CH3 


2 -CF3 -phenyl 
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66 


-SO2CH3 


1 


U 


n 




67 


-SO2CH3 


1 


0 


F 


pnenyx 


68 


-SO2CH3 


1 


0 


CH3 


phenyl 


69 


-SO2CH3 


1 


0 


H 


phenyl 


70 


-SO2CH3 


1 


0 


F 


amidino 


71 


-SO2CH3 


1 


0 


CH 3 


amidino 


72 


-SO2CH3 


1 


0 


H 


amidino 
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Table 10 



10 



15 



20 



25 



30 




H 2 N NH 





R 


J 


y 




B 


1 


S0 2 Me 


CH 2 


CH 


2- 


(aminosulf onyl ) phenyl 


2 


S0 2 Me 


CH 2 


CH 


2- 


( methyl sulfonyl ) phenyl 


3 


S0 2 Me 


CH 2 


CH 


2- 


( tr i f luorome thy 1 ) phenyl 


4 


S0 2 Me 


CH 2 


N 


2- 


( aminosulf onyl ) phenyl 


5 


S0 2 Me 


CH 2 


N 


2- 


( methyl sulf onyl ) phenyl 


6 


S0 2 Me 


CH 2 


N 


2- 


( trif luorome thy 1 ) phenyl 


7 


S0 2 Me 


CH 2 


CF 


2- 


( aminosulf onyl ) phenyl 


8 


S0 2 Me 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 


9 


S0 2 Me 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 


10 


S0 2 Me 


CH 2 


CC1 


2- 


(aminosulf onyl ) phenyl 


11 


S0 2 Me 


CH 2 


CC1 


2- 


(methylsulf onyl) phenyl 


12 


S0 2 Me 


CH 2 


CC1 


2- 


( trif luoromethyl ) phenyl 


13 


S0 2 Me 


0 


CH 


2- 


( aminosulf onyl ) phenyl 


14 


S0 2 Me 


0 


CH 


2- 


(methylsulf onyl ) phenyl 


15 


S0 2 Me 


0 


CH 


2- 


( trif luoromethyl ) phenyl 


16 


S0 2 Me 


0 


N 


2- 


( aminosulf onyl ) phenyl 


17 


S0 2 Me 


0 


N 


2- 


(methylsulf onyl ) phenyl 


18 


S0 2 Me 


0 


N 


2- 


( trif luoromethyl ) phenyl 


19 


S0 2 Me 


0 


CF 


2- 


( aminosul f ony 1 ) phenyl 


20 


S0 2 Me 


0 


CF 


2- 


(methylsulf onyl ) phenyl 


21 


S0 2 Me 


0 


CF 


2- 


{ tri f luoromethyl ) phenyl 


22 


S0 2 Me 


0 


CC1 


2- 


(aminosulf onyl ) phenyl 


23 


S0 2 Me 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 


24 


S0 2 Me 


0 


CC1 


2- 


( trif luoromethyl ) phenyl 


25 


C0 2 Me 


CH 2 


CH 


2- 


( aminosulf onyl ) phenyl 


26 


C0 2 Me 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 


27 


C0 2 Me 


CH 2 


CH 


2- 


( tri f luoromethyl ) phenyl 


28 


C0 2 Me 


CH 2 


N 


2- 


( aminosul f ony 1 ) phenyl 
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PPT 


9- 

£a 


. t ami nfiQiil f nnvl \ nhpnvl 


PPT 


9- 
x 


• fTnofhvl Qiil f nnvl ) nhpnv 1 


PPl 


9 _ 


• f t"T^i "F 1 i inrnmpf hv 1 \ nhpnvl 
\ l.x xxx uui uiuc uiiy x / Lviiciiy x 


PW 


9, 
z - 


\diuinosuironyi ) pnenyx 


PT4 


9. 

z 


V iiic uny xou.x iuuy x / Lyxiciiy x 




9 _ 


\ l.x x x xuui uiuc L-iiy x / kyiiciiy x 


IN 


9 . 
z 


V uiui i iuo u i i. uny i / uyiieiiy x 


IN 


9 _ 
z 


* fmof Vi\/"1 ci 1 1 ■Frvni/l \ nhonvl 
\ iiic L-i ly x o ux x vJiiy x / kyiidiy x 


In 


9- 
z 


» f ^t*t 4*1 nnynTTiot*h\/1 ^ r^ViOTTx/T 
V ux x x x uui uiutr ui iy x / LJiiciiy x 


CF 


*■) 

z - 


- (amino sulfonyl ) phenyl 


CF 


2- 


- (methylsulf onyl ) phenyl 


CF 


2- 


- ( trif luoromethyl ) phenyl 


CC1 


2- 


- (aminosulfonyl) phenyl 


CC1 


2- 


- (methyl sulfonyl) phenyl 


CC1 


2- 


- ( trif luoromethyl ) phenyl 
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Table 12 



R 




5 


&<# 


R 


J 


Y 




B 




1 


S0 2 Me 


CH 2 


CH 


2- 


■ (aminosulf onyl) phenyl 




2 


S0 2 Me 


CH 2 


CH 


2- 


• (methylsulfonyl) phenyl 




3 


S0 2 Me 


CH 2 


CH 


2- 


■ ( trif luoromethyl ) phenyl 




4 


S0 2 Me 


CH 2 


N 


2- 


• ( aminosulf onyl ) phenyl 


10 


5 


S0 2 Me 


CH 2 


N 


2- 


■ (methylsulfonyl) phenyl 




6 


S0 2 Me 


CH 2 


N 


2- 


- ( trif luoromethyl ) phenyl 




7 


S0 2 Me 


CH 2 


CF 


2- 


• { aminosulf onyl ) phenyl 




8 


S0 2 Me 


CH 2 


CF 


2- 


(methylsulfonyl ) phenyl 




9 


S0 2 Me 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 


15 


10 


S0 2 Me 


CH 2 


CC1 


2- 


( aminosulf onyl ) phenyl 




11 


S0 2 Me 


CH 2 


CC1 


2- 


(methylsulfonyl ) phenyl 




12 


S0 2 Me 


CH 2 


CC1 


2- 


( tri f luoromethyl ) phenyl 




13 


S0 2 Me 


0 


CH 


2- 


(aminosulf onyl ) phenyl 




14 


S0 2 Me 


0 


CH 


2- 


(methylsulfonyl ) phenyl 


20 


15 


S0 2 Me 


O 


CH 


2- 


( trif luoromethyl ) phenyl 




16 


S0 2 Me 


0 


N 


2- 


(aminosulf onyl ) phenyl 




17 


S0 2 Me 


0 


N 


2- 


(methylsulfonyl ) phenyl 




18 


S0 2 Me 


0 


N 


2- 


( tri f luoromethyl ) phenyl 




19 


S0 2 Me 


0 


CF 


2- 


( aminosulf onyl ) phenyl 


25 


20 


S0 2 Me 


0 


CF 


2- 


(methylsulfonyl ) phenyl 




21 


S0 2 Me 


0 


CF 


2- 


( trif luoromethyl ) phenyl 




22 


S0 2 Me 


0 


CC1 


2- 


(aminosulf onyl ) phenyl 




23 


S0 2 Me 


0 


CC1 


2- 


(methylsulfonyl ) phenyl 




24 


S0 2 Me 


0 


CC1 


2- 


( trif luoromethyl ) phenyl 


30 


25 


C0 2 Me 


CH 2 


CH 


2- 


( aminosulf onyl ) phenyl 




26 


C0 2 Me 


CH 2 


CH 


2- 


( me t hy 1 su 1 f onyl ) phenyl 




27 


C0 2 Me 


CH 2 


CH 


2- 


( trif luoromethyl ) phenyl 




28 


C0 2 Me 


CH 2 


N 


2- 


( aminosul f onyl ) phenyl 




29 


C0 2 Me 


CH 2 


N 


2- 


( me thyl sul f ony 1 ) phenyl 
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30 


CU2Me 


O TJ 

v-rl2 


M 
IN 


Z \ u.X J. X lUUi Ulllcr Lily X J \JLlKZlly X 




J 1 


CU2rie 


cri2 


PF 


-6 V CLUIX uUOUl tUlly 1 / ^JllCIljrX 




"5 O 
JZ 


CU2Me 


LH2 


PF 
k»r 


^ I uic my xo ui x vJiiy x ) Lyixcziiy x 




"3 "3 


CU2Me 


CH2 


PF 
v_r 


z \ li xlx uui vjiiic uxiy x j jjiictiy x 


c 

J 


"3 / 


CL^we 


un2 


PP1 
x 


9 — f Ami nnQu 1 f" ot*^\/ 1 1 r^H 07*1 vr 1 




3 3 


uU2we 


Cn2 


PPT 


9 — fmof Hvl -f nnv 1 ^ nln^nvl 




J 0 


UU2We 


v-«2 


PPT 


& I Liii.xuuiuiuctiiy 1 / piiciiy 1 




J / 


UU2Me 


u 


PTJ 


Z \CUUXllUoUXLUilyX | pilCUyl 




38 


cc>2Me 


U 


py 


z \me unyisunony x / pnenyx 


10 


39 


C02Me 


0 


Ln 


z- v tr ii xuoxoinecnyx j pnenyx 




a r\ 

40 


C02Me 


r\ 
O 


KT 
N 


O / <arn *i o fill >-^. >— ( i • 1 \ mVi a m« r 1 

z- i aiTixnosuxxonyx ; pnenyi 




41 


C02"e 


u 


M 
IN 


z xinecnyxsux x onyx ) pnenyx 




42 


C02Me 


U 


N 


z- ^ cr xx xuoxoineunyx ) pnenyx 




43 


C02Me 


Q 


Cr 


z - \ cuuxnosux rony x j pnenyx 


15 


44 


C02Me 


0 


Cr 


2- (methylsulfonyl ) phenyl 




45 


C02Me 


0 


CF 


z- t crixiuoroinetriyx ; pnenyi 




46 


C02Me 


0 


CC1 


2 - ( aminosulf onyl ) phenyl 




47 


C02Me 


0 


CCx 


z- ( me cnyxsuxr onyx j pnenyx 




48 


C02Me 


0 


LCI 


z- \ cr xx xuoroineunyx / pnenyx 


20 


49 


COCH3 


CH2 


CH 


2 - { aminosulf onyl ) phenyl 




50 


COCH3 


CH2 


/-itt 
Lfl 


z- viueunyxsux x onyx ; pnenyx 




51 


COCH3 


CH2 


AU 

Ln 


z - v til x xuoronieLny x ) pnenyx 




52 


COCH3 


CH2 


N 


z- v amino suxx onyx j pnenyx 




53 


COCH3 


CH2 


In 


z — t inecnyxsuxxonyx ) pnenyx 


25 


54 


COCH3 


CH2 


M 

IM 


z - icrii luoroiueunyi j pnenyx 




55 


COCH3 


CH2 


CF 


z - \ aminosux xony x j pnenyx 




56 


COCH3 


CH2 


Cr 


z~ \ me unyxsuxx onyx j pnenyx 




5 7 


COCH3 


CH2 


Cr 


z v cri x xuox ome cny x ; pnenyx 




58 


COCH3 


Cri2 


PPT 
CC1 


z \ aminosuiLonyi j piicnyi 


3D 


c 0 

by 


PAAU- 
COCH3 


Cri2 


PP1 


z \ineuny xouxxotiy x / Lyiitsiiy x 




bU 


COCH3 


CJ12 


PPT 


z \ in xxuux oxuet.iiy x / piiciiy x 




ol 


AAATJ-. 

COCrl3 


U 


PT4 


Z \ cuuXllOa Ux Luiiy x ; piiciiy x 




62 


COCH3 


0 


CH 


2- (methylsulfonyl ) phenyl 




63 


COCH3 


0 


CH 


2 - ( tr i f luoromethy 1 ) phenyl 


35 


64 


COCH3 


0 


N 


2- (aminosulf onyl) phenyl 




65 


COCH3 


0 


N 


2- (methylsulfonyl) phenyl 




66 


COCH3 


0 


N 


2- (trif luoromethyl) phenyl 




67 


COCH3 


0 


CF 


2 - ( aminosul f ony 1 ) phenyl 
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68 


COCH3 


0 


CF 


2- 


(methylsulf onyl ) phenyl 


69 


COCH3 


0 


CF 


2- 


( trif luoromethyl ) phenyl 


70 


COCH3 


0 


CCl 


2- 


(aminosulf onyl) phenyl 


71 


COCH3 


0 


CC1 


2- 


( methyl sulf onyl ) phenyl 


72 


COCH3 


0 


CCl 


2- 


( trif luoromethyl ) phenyl 


73 


CH3 




CH 


2- 


( aminosul f onvl ) Dhenvl 


74 






CH 


2- 


(methvlsulf onvl ) nhenvl 


75 






CH 


2- 


( trif luoromethvl ) Dhenvl 


76 




CH? 

l~Xl^ 


N 


2- 


{ aminosulf onvl ) nhenvl 


77 


CH3 


CH? 


N 


2- 


(methvlsulf onvl ) nhpnvl 


78 




CH? 


N 


2- 


f tT*i f luoromerhvl inhonvl 


79 


CH3 


CH? 


CF 


2- 


f am"i nosul f nnvl } nhpnvl 


80 


CH3 


CH? 


PF 




^inpf hvl ci 1 1 f onvl ^r^VionvT 
\ uic Li 1 j x a u x i. uii y 1 / ^xld.lj^x 


81 




CHo 


CF 


2- 


i tri f luoromf^t" livl IriHfanvrl 

V u> x. -t. a. jl w x uiuc l. 1 1 _y x / ^ji ici j y x 


82 


CH3 


CHo 


CCl 

WX 


2- 


( aminosul foirv "I i nhpnvl 

\ cuiLxiiuo <-A -i. x. wi i^y x / ^iiciiy x 


83 






PPT 


o_ 




84 




PHo 


PPl 




\ L.X XXX UUX UillC L.lljf X / £Jxlt£Il_y -L 


85 




O 


PK 




/ ami noQi 1 1 f nnvl ^ nhpnvl 


86 






PH 


2- 


/ t* Vrvrl qiiI f nnvl ^nVi#sn\/1 
\iiicLiiy xouxxuiiy x / piicuyi 


87 




0 


CH 

V» X i 


2- 


f trif luoromethvl ^ nhenvrl 


88 




0 


N 


2- 


^ aminosul f onvl ) nhpnvl 

\ ouiixiivj ouxj. wx i_y x / pnci xjr X 


89 


CH3 


0 


M 
i>i 


2- 


fmerhvl sill f onvl ^nh^nvl 

\ it iw i— x i_y x 0 v* x x wiijr x / ^iicjiy x 


90 




0 


M 


2- 


f tr - ! "Fl nnrnmpfhvl 1 nhpnvl 
\ i^x x x x ixui uiuc L,xxy x / ^/licny x 


91 




0 


PF 


o_ 


f ami noQiil f onvl ^ nhpnvl 


92 


CH3 


0 


PF 


2- 


fmpthvl Qiil f nnvl ^ nhpnvl 
\iiicLiiy xouxxuiiy x / ^ucny 1 


93 


CHi 


O 


CF 




f t* r*i f luoTomprhvl ) nhpnvl 

\ wx xxx uux vine i— 1 ly x / kji ici i y x 


94 




0 


PPT 




f ami nOQH 1 f nnvl ^ nhpnvl 


95 


CH3 


0 


CCl 


2- 


fmprhvl snl f nnvl 1 nhpnvl 
Viuctiiy xouxxwiiy 1 / tjxicxxy x 


96 




0 


CCl 


2- 


f tri f luorompthvl ) nhpnvl 

l ux xxx uux win w L»xxy x / ^nciiy x 


97 


CH-jPh 

W* A. X J 


CHo 


CH 


2- 


f aminosul f onvl ) nhpnvl 

i tuiixiiuo vax x wxxy x / k«/x ici xy x 


98 


CH2Ph 


CHo 


CH 


2- 


fmprhvl sill f nnvl 1 nhpnvl 
{ iuc u»xiy x 0 ux x vviiy x / ^uciiy x 


99 


CH2Ph 


CHo 


CH 


2- 


f tiri f luorompthvl ^ nhpnvl 

1 ^- x. j. x. u w x. wxli w v>xxy x / piici xy x 


100 




v-n 2 


IN 


z 


laiuinosuiionyi ; pnenyj. 


101 


CH 2 Ph 


CH 2 


N 


2- 


(methylsulf onyl) phenyl 


102 


CH 2 Ph 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 


103 


CH 2 Ph 


CH 2 


CF 


2- 


(aminosulf onyl ) phenyl 


104 


CH 2 Ph 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 


105 


CH 2 Ph 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 
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106 


CH2PI1 


CH 2 


CC1 


2- (aminosulf onyl ) phenyl 




107 


CH2Ph 


CH2 


CC1 


2- ( methyl sulf onyl ) phenyl 




108 


CH2Ph 


CH2 


CC1 


2- (trif luoromethyl) phenyl 




109 


CH2Ph 


O 


CH 


2 - ( aminosul f ony 1 ) phenyl 


5 


110 


CH2Ph 


0 


CH 


z- ( me tnyl suit onyl ) phenyl 




111 


CH2Ph 


0 


CH 


2- ( tr if luorome thy 1 ) phenyl 




112 


CH2PI1 


0 


N 


2- (aminosulf onyl ) phenyl 




113 


CH2PI1 


0 


N 


2- (methylsulf onyl ) phenyl 




114 


CH2Ph 


0 


N 


2- (trif luorome thy 1) phenyl 


10 


115 


CH 2 Ph 


0 


CF 


2- (aminosulf onyl) phenyl 




116 


CH 2 Ph 


0 


CF 


2- (methylsulf onyl) phenyl 




117 


CH2PI1 


0 


CF 


2- (trif luorome thy 1) phenyl 




118 


CH2Ph 


0 


CC1 


2- (aminosulf onyl) phenyl 




119 


CH 2 Ph 


0 


CC1 


2- (methylsulf onyl) phenyl 


15 


120 


CH2Ph 


0 


CC1 


2- (trif luorome thy 1) phenyl 




121 


H 


CH 2 


CH 


2 - ( aminosul f ony 1 ) phenyl 




122 


H 


CH2 


CH 


2- (methylsulf onyl) phenyl 




123 


H 


CH 2 


CH 


2- (trif luorome thy 1) phenyl 




124 


H 


CH 2 


N 


2- (aminosulf onyl) phenyl 


20 


125 


H 


CH2 


N 


2- (methylsulf onyl) phenyl 




126 


H 


CH 2 


N 


2- (trif luoromethyl) phenyl 




127 


H 


CH2 


CF 


2 - ( aminosul f ony 1 ) phenyl 




128 


H 


CH 2 


CF 


2- ( methyl suit onyl ) phenyl 




129 


H 


CH 2 


CF 


2- ( trif luoromethyl) phenyl 


25 


130 


K 


CH 2 


CC1 


2- (aminosulf onyl) phenyl 




131 


H 


CH 2 


CC1 


2- (methylsulf onyl) phenyl 




132 


H 


CH2 


CC1 


2 - ( trif luoromethyl ) phenyl 




133 


H 


0 


CH 


2 - ( aminosul f ony 1 ) phenyl 




134 


H 


0 


CH 


2- (methylsulf onyl ) phenyl 


30 


135 


H 


0 


CH 


2 - ( trif luoromethyl ) phenyl 




136 


H 


0 


N 


2- (aminosulf onyl) phenyl 




137 


H 


0 


N 


2- (methylsulf onyl) phenyl 




138 


H 


0 


N 


2- (trif luoromethyl) phenyl 




139 


H 


0 


CF 


2- ( aminosul fonyl) phenyl 


35 


140 


H 


0 


CF 


2- (methylsulf onyl) phenyl 




141 


H 


0 


CF 


2- ( trif luoromethyl ) phenyl 




142 


H 


0 


CC1 


2 - ( aminosulf onyl ) phenyl 




143 


H 


0 


CC1 


2- (methyl sulf onyl) phenyl 
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5 





R 


J 


Y 




B 


1 


S0 2 Me 


CH 2 


CH 


2- 


( amino sulfonyl ) phenyl 


2 


S0 2 Me 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 


3 


S0 2 Me 


CH 2 


CH 


2- 


( tri f luorome thy 1 ) phenyl 


4 


S0 2 Me 


CH 2 


N 


2- 


( aminosulf onyl ) phenyl 


5 


S0 2 Me 


CH 2 


N 


2- 


(methylsulf onyl ) phenyl 


6 


S0 2 Me 


CH 2 


N 


2- 


( trif luorome thyl ) phenyl 


7 


S0 2 Me 


CH 2 


CF 


2- 


( aminosulf onyl ) phenyl 


8 


S0 2 Me 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 


9 


so 2 Me 


CH 2 


CF 


2- 


( trif luorome thy 1 ) phenyl 


10 


S0 2 Me 


CH 2 


CC1 


2- 


( aminosulf onyl ) phenyl 


11 


S0 2 Me 


CH 2 


CC1 


2- 


(methylsulf onyl ) phenyl 


12 


S0 2 Me 


CH 2 


CC1 


2- 


( trif luoromethyl) phenyl 


13 


SC^Me 


0 


CH 


2- 


( aminosulf onyl ) phenyl 


14 


S0 2 Me 


0 


CH 


2- 


(methylsulf onyl ) phenyl 


15 


S0 2 Me 


0 


CH 


2- 


( trif luoromethyl ) phenyl 


16 


S0 2 Me 


0 


N 


2- 


( aminosulf onyl ) phenyl 


17 


S0 2 Me 


0 


N 


2- 


(methylsulf onyl ) phenyl 


18 


S0 2 Me 


0 


N 


2- 


• ( trif luoromethyl ) phenyl 


19 


S0 2 Me 


0 


CF 


2- 


■ ( aminosulf onyl ) phenyl 


20 


S0 2 Me 


0 


CF 


2- 


■ ( me thyl su 1 f onyl ) phenyl 


21 


S0 2 Me 


0 


CF 


2- 


• ( trif luoromethyl) phenyl 


22 


S0 2 Me 


0 


CC1 


2- 


- ( aminosul f ony 1 ) phenyl 


23 


S0 2 Me 


0 


CC1 


2- 


• (methylsulf onyl ) phenyl 


24 


S0 2 Me 


0 


CC1 


2- 


- ( trif luoromethyl ) phenyl 


25 


C0 2 Me 


CH 2 


CH 


2- 


- ( aminosulf onyl ) phenyl 


26 


C0 2 Me 


CH 2 


CH 


2- 


- (methylsulf onyl ) phenyl 


27 


C0 2 Me 


CH 2 


CH 


2- 


- ( trif luoromethyl) phenyl 


28 


C0 2 Me 


CH 2 


N 


2- 


- ( aminosulf onyl ) phenyl 
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29 


C02Me 


CH 2 


N 


2- 


(methylsulf onyl) phenyl " 




30 


C0 2 Me 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 




31 


C02Me 


CH 2 


CF 


2- 


( aminosul f onyl ) phenyl 




32 


C0 2 Me 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 


5 


33 


C0 2 Me 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 




34 


C0 2 Me 


CH 2 


CC1 


2- 


( aminosul f onyl ) phenyl 




35 


C0 2 Me 


CH 2 


CC1 


2- 


(methylsulf onyl ) phenyl 




36 


C0 2 Me 


CH 2 


CC1 


2- 


( trif luoromethyl ) phenyl 




37 


C0 2 Me 


0 


CH 


2- 


( aminosul f onyl ) phenyl 


10 


38 


C0 2 Me 


0 


CH 


2- 


(methylsul f onyl ) phenyl 




39 


C0 2 Me 


0 


CH 


2- 


( trif luoromethyl ) phenyl 




40 


C0 2 Me 


0 


N 


2- 


( aminosul f onyl ) phenyl 




41 


C0 2 Me 


0 


N 


2- 


(methylsulf onyl ) phenyl 




42 


C0 2 Me 


0 


N 


2- 


( trif luoromethyl ) phenyl 


15 


43 


C0 2 Me 


0 


CF 


2- 


( aminosul f onyl ) phenyl 




44 


C0 2 Me 


0 


CF 


2- 


(methylsulf onyl ) phenyl 




45 


C0 2 Me 


0 


CF 


2- 


( trif luoromethyl ) phenyl 




46 


C0 2 Me 


0 


CC1 


2- 


(aminosulf onyl ) phenyl 




47 


C0 2 Me 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 


20 


48 


C0 2 Me 


0 


CC1 


2- 


( trif luoromethyl ) phenyl 




49 


COCH 3 


CH 2 


CH 


2- 


( aminosul f ony 1 ) phenyl 




50 


coch 3 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 




51 


COCH3 


CH 2 


CH 


2- 


( trif luoromethyl ) phenyl 




52 


COCH3 


CH 2 


N 


2- 


(aminosulf onyl ) phenyl 


25 


53 


COCH3 


CH 2 


N 


2- 


(methylsulf onyl ) phenyl 




54 


COCH3 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 




55 


COCH3 


CH 2 


CF 


2- 


( aminosulf onyl ) phenyl 




56 


COCH3 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 




57 


COCH3 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 


30 


58 


COCH3 


CH 2 


CC1 


2- 


(aminosulf onyl ) phenyl 




59 


COCH3 


CH 2 


CC1 


2- 


(methylsulf onyl) phenyl 




60 


COCH3 


CH 2 


CC1 


2- 


( trif luoromethyl ) phenyl 




61 


COCH3 


0 


CH 


2- 


( aminosul f onyl ) pheny 1 




62 


COCH3 


0 


CH 


2- 


(methylsulf onyl ) phenyl 


35 


63 


COCH3 


0 


CH 


2- 


( tr i f luorome thy 1 ) phenyl 




64 


COCH3 


0 


N 


2- 


( aminosulf ony 1 ) phenyl 




65 


COCH3 


0 


N 


2- 


(methylsulf onyl ) phenyl 




66 


COCH3 


0 


N 


2- 


( trif luoromethyl ) phenyl 



151 



WO 98/06694 



PCT/US97/14222 





67 


COCH3 


0 


CF 


2 - ( aminosul f ony 1 ) phenyl 




68 


COCH3 


0 


CF 


2- { methyl sulf ony 1) phenyl 




69 


COCH3 


0 


CF 


2- (trif luorome thyl) phenyl 




70 


COCH3 


0 


CC1 


2- (aminosulf ony 1 ) phenyl 


5 


71 


COCH3 


0 


CC1 


2- (methylsulfonyl) phenyl 




72 


COCH3 


0 


CC1 


2 - { tr i f luorome thy 1 ) phenyl 




73 


CH3 


CH 2 


CH 


2 - ( aminosul f ony 1 ) phenyl 




74 


CH-i 


CHo 


CH 


2- (methylsulfonyl ) phenyl 




75 


CH3 


CHo 


CH 


2- ( trif luorome thy 1 ) phenyl 


10 


76 


CH3 


CHo 


N 


2- (aminosulf onyl ) phenyl 




77 




CH 2 


N 


2- (methylsulfonyl ) phenyl 




78 




CHo 


N 


2 — f tr i f luorompt* hvl I nhpnvl 




79 


CHi 


CHo 


CF 


2— (aminosulf onvl 1 nhpnvl 




80 






CF 


2 — (methvlsul f nnvl ^ nhpnvl 


15 

X— > 


81 


CHi 




CF 


2 — f f r* "i f luorompt~hvl ) nhpnvl 




82 


PH-j 


CHo 


CC1 


2 — f ami no^u 1 f nnvl ) nhpnvl 

X \ CUUXA1UO UIX X w A Ijr X y ^/liCiljr X 




8*^ 


V_il j 


CHo 


CC1 

\— X 


2 — f mpfhvl mil f nnvl } nhpnvl 




84 

O *i 


ru. 


v~n 2 


v_v_ x 


0 — ( t*T"i f 1 nnrrjmpt"hvl ^ nhpnvl 




8^ 




n 


CH 


0 — ( ami nnQi 1 1 f nnvl ^ nhpnvl 

^ \ CUtLXUUo LIX X KJLiy X / J^lldAjr X 


20 


86 


CH-> 


0 


CH 


2 - { met* hvl ^ul f nnvl i nhpnvl 




87 


Ln 3 


0 


CH 


2 — f tri f luorome thvl i nhpnvl 

Arf \ C A. -A. A. O. wA W J- WlUv^ V— 1 -1- / £-'A A ^ — ■ 1 * jr -A- 




88 




0 


N 


2 - ( aminosul fonvl ) ohenvl 








O 


N 


2 — ( mprhvl qhI fonvl ) nhpnvl 




90 


CH3 


0 


N 


2- ( tri f luorome thy 1 ) phenyl 


25 
x -j 


j x 


PU, 
v-fij 


0 


CF 


2 — ( aminosul fonvl ) Dhenvl 




92 


CHo. 


0 


CF 


2 - ( me thy 1 sul f ony 1 ) phenyl 




93 


CHo 


0 


CF 


2- ( trif luorome thyl ) phenyl 




94 


CHo 


0 


CC1 


2- ( aminosulf onyl ) phenyl 




95 


CHo 


0 


CC1 


2- (methvl sul fonvl ) Dhenvl 


30 


96 


CHo 


0 


CC1 


2- { trif luorome thyl ) phenyl 




97 




CHo 


CH 


2- (aminosulf onvl ) Dhenvl 




98 


CH2Ph 


CHo 


CH 


2- (methylsulfonyl ) phenyl 




qq 


<wtl 2 trll 




CH 


2— f t"T*i 'F 1 nnrnmpfhvl ^ nhpnvl 




100 


CH 2 Ph 


CH 2 


N 


2- ( aminosul fonyl) phenyl 


35 


101 


CH 2 Ph 


CH 2 


N 


2 - (methylsulfonyl ) phenyl 




102 


CH 2 Ph 


CH 2 


N 


2- (trif luoromethyl) phenyl 




103 


CH 2 Ph 


CH 2 


CF 


2 - ( aminosul fonyl ) phenyl 




104 


CH 2 Ph 


CH 2 


CF 


2- (methylsulfonyl) phenyl 
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105 


CH 2 Ph 


CH 2 


CF 


2- 


{ tri f luoromethyl ) phenyl 




106 


CH 2 Ph 


CH 2 


CC1 


2- 


(aminosulfonyl) phenyl 




107 


CH 2 Ph 


CH 2 


CC1 


2- 


( methyl sulfonyl ) phenyl 




108 


CH 2 Ph 


CH 2 


CC1 


2- 


( tri f luoromethyl ) phenyl 


5 


109 


CH 2 Ph 


0 


CH 


2- 


( aminosul f onyl ) phenyl 




110 


CH 2 Ph 


0 


CH 


2- 


(methylsulf onyl ) phenyl 




111 


CH 2 Ph 


0 


CH 


2- 


( trif luoromethyl ) phenyl 




112 


CH 2 Ph 


0 


N 


2- 


( aminosulfonyl ) phenyl 




113 


CH 2 Ph 


0 


N 


2- 


(methylsulf onyl ) phenyl 


10 


114 


CH 2 Ph 


0 


N 


2- 


( tri f luoromethyl ) phenyl 




115 


CH 2 Ph 


0 


CF 


2- 


(aminosulfonyl ) phenyl 




116 


CH 2 Ph 


0 


CF 


2- 


(methylsulf onyl ) phenyl 




117 


CH 2 Ph 


0 


CF 


2- 


( tri f luoromethyl ) phenyl 




118 


CH 2 Ph 


0 


CCl 


2- 


(aminosulfonyl ) phenyl 


15 


119 


CH 2 Ph 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 




120 


CH 2 Ph 


0 


CCl 


2- 


( trif luoromethyl ) phenyl 




121 


H 


CH 2 


CH 


2- 


( aminosulfonyl ) phenyl 




122 


H 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 




123 


H 


CH 2 


CH 


2- 


( trif luoromethyl ) phenyl 


20 


124 


H 


CH 2 


N 


2- 


( aminosulfonyl ) phenyl 




125 


H 


CH 2 


N 


2- 


(methylsulf onyl) phenyl 




126 


H 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 




127 


H 


CH 2 


CF 


2- 


( aminosulfonyl ) phenyl 




128 


H 


CH 2 


CF 


2- 


(methylsulf onyl) phenyl 


25 


129 


H 


CH 2 


CF 


2- 


{ tri f luoromethyl ) phenyl 




130 


H 


CH 2 


CCl 


2- 


(aminosulfonyl) phenyl 




131 


H 


CH 2 


CCl 


2- 


(methylsulf onyl) phenyl 




132 


H 


CH 2 


CCl 


2- 


{ tri f luoromethyl ) phenyl 




133 


H 


0 


CH 


2- 


(aminosulfonyl ) phenyl 


30 


134 


H 


0 


CH 


2- 


(methylsulf onyl ) phenyl 




135 


H 


0 


CH 


2- 


( trif luoromethyl ) phenyl 




136 


H 


0 


N 


2- 


( aminosulfonyl ) phenyl 




137 


H 


0 


N 


2- 


(methylsulf onyl ) phenyl 




138 


H 


0 


N 


2- 


( trif luoromethyl ) phenyl 


35 


139 


H 


0 


CF 


2- 


( aminosulfonyl ) phenyl 




140 


H 


0 


CF 


2- 


(methylsulf onyl ) phenyl 




141 


H 


0 


CF 


2- 


( trif luoromethyl) phenyl 




142 


H 


0 


CCl 


2- 


( aminosulfonyl ) phenyl 
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143 H O CC1 2- (methylsulfonyl) phenyl - 

144 H O CC1 2- (trif luoromethyl ) phenyl 
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Table 14 



PCT/US97/14222 




5 



Ex# 


R 


J 


Y 




B 


1 


S0 2 Me 


CH 2 


CH 


2- 


• (aminosulf onyl) phenyl 


2 


S0 2 Me 


CH 2 


CH 


2- 


• (methylsulf onyl) phenyl 


3 


S0 2 Me 


CH 2 


CH 


2- 


{ tr if luorome thy 1 ) phenyl 


4 


S0 2 Me 


CH 2 


N 


2- 


(aminosulf onyl ) phenyl 


5 


S0 2 Me 


CH 2 


N 


2- 


(methylsulf onyl ) phenyl 


6 


S0 2 Me 


CH 2 


N 


2- 


{ trif luoromethyl ) phenyl 


7 


S0 2 Me 


CH 2 


CF 


2- 


(aminosulf onyl ) phenyl 


8 


S0 2 Me 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 


9 


S0 2 Me 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 


10 


S0 2 Me 


CH 2 


CC1 


2- 


(aminosulf onyl) phenyl 


11 


S0 2 Me 


CH 2 


CC1 


2- 


(methylsulf onyl ) phenyl 


12 


S0 2 Me 


CH 2 


CC1 


2- 


( trif luoromethyl ) phenyl 


13 


S0 2 Me 


0 


CH 


2- 


(aminosulf onyl) phenyl 


14 


S0 2 Me 


0 


CH 


2- 


(methylsulf onyl ) phenyl 


15 


S0 2 Me 


0 


CH 


2- 


( trif luoromethyl ) phenyl 


16 


S0 2 Me 


0 


N 


2- 


(aminosulf onyl) phenyl 


17 


S0 2 Me 


0 


N 


2- 


(methylsulf onyl) phenyl 


18 


S0 2 Me 


o 


N 


2- 


( trif luoromethyl ) phenyl 


19 


S0 2 Me 


0 


CF 


2- 


(aminosulf onyl ) phenyl 


20 


S0 2 Me 


0 


CF 


2- 


(methylsulf onyl ) phenyl 


21 


S0 2 Me 


0 


CF 


2- 


( trif luoromethyl ) phenyl 


22 


S0 2 Me 


0 


CC1 


2- 


( aminosul f onyl ) phenyl 


23 


S0 2 Me 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 


24 


S0 2 Me 


0 


CC1 


2- 


( trif luoromethyl ) phenyl 


25 


C0 2 Me 


CH 2 


CH 


2- 


( aminosul f onyl ) phenyl 


26 


C0 2 Me 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 


27 


C0 2 Me 


CH 2 


CH 


2- 


( trif luoromethyl ) phenyl 


28 


C0 2 Me 


CH 2 


N 


2- 


(aminosulf onyl ) phenyl 
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29 


C02Me 


CH2 


N 


2- (methylsulfonyl) phenyl 




30 


C02Me 




N 


2 - ( tr i f luoromethyl ) phenyl 




31 


C02Me 


CH2 


CF 


2 - { aminosul f ony 1 ) phenyl 




32 


C02Me 


CH2 


CF 


2- (methylsulfonyl) phenyl 


5 


33 


C02Me 


CH2 


CF 


2- (trif luoromethyl) phenyl 




34 


C02Me 


CH2 


CC1 


2- ( aminosul fonyl ) phenyl 




35 


C02Me 


CH2 


CC1 


2- (methylsulfonyl) phenyl 




36 


C02Me 


CH? 


CCl 


2- (trif luoromethyl) phenyl 




37 


C02Me 


0 


CH 


2- ( aminosul f ony 1) phenyl 


10 


38 


C02Me 


0 


CH 


2- (methylsulfonyl ) phenyl 




39 


C02Me 


0 


CH 


2- ( trif luoromethyl ) phenyl 




40 


C02Me 


0 


N 


2- ( aminosul f ony 1 ) phenyl 




41 


C02Me 


0 


N 


2- (methylsulfonyl ) phenyl 




42 




0 


N 


2- ( trif luoromethyl ) phenyl 




43 




0 


CF 


2 - ( aminosul fonvl ) ohenvl 




44 




0 


CF 


2- (methvlsulf onvl ) ohenvl 




45 




0 


CF 


2- ( trif luoromethvl ) Dhenvl 

A* \ ^ -A- 1- -A. V** ' Will*— ^ 1 1 Jf -1- / »jrf**W**jr -A- 




4fi 




0 


PCI 


2— ( aminosul fonyl ) phenyl 




47 


C02Me 


0 


CCl 


2- (methylsulfonyl ) phenyl 


20 


48 




0 


CCl 


2- (trif luoromethyl) phenyl 




49 




CH? 


CH 


2- (aminosulf ony 1 ) phenyl 




50 


POPH-j 


CH2 


CH 


2 - (methylsulfonyl ) phenyl 




51 




CHo 


CH 


2- ( trif luoromethyl ) phenyl 






POPH-a 


PHo 

V»*l^ 


N 


2 - ( aminosul fonyl ) phenyl 


25 


53 


C0CH3 


CH2 


N 


2- (methylsulfonyl ) phenyl 




54 


POPHl 


CH2 


N 


2 - ( trif luoromethyl ) phenyl 




-J -} 


POPH1 


CH2 


CF 


2- (aminosulf ony 1 ) phenyl 




56 


POPHi 




CF 


2 - (methylsulfonyl ) phenyl 




57 


COCH3 


CH2 


CF 


2 - ( trif luoromethyl ) phenyl 


30 


58 


COCHl 


CH? 


CCl 


2- (aminosulf ony 1) phenyl 




59 


COCH3 


CHo 


CCl 


2- (methylsulfonyl) phenyl 




60 


COCH3 


CH? 


CCl 


2- (trif luoromethyl) phenyl 




U X 




O 


CH 


2 - ( aminosulf ony 1 ) phenyl 




62 


COCH3 


0 


CH 


2- (methylsulfonyl) phenyl 


35 


63 


COCH3 


0 


CH 


2- (trif luoromethyl) phenyl 




64 


COCH3 


0 


N 


2- (aminosulf ony 1 ) phenyl 




65 


COCH3 


0 


N 


2- (methylsulfonyl) phenyl 




66 


COCH3 


0 


N 


2- (trif luoromethyl) phenyl 
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67 


COCH3 


0 


CF 


2- 


( aminosul f ony 1 ) phenyl 




68 


COCH3 


0 


CF 


2- 


(methylsulf onyl ) phenyl 




69 


COCH3 


0 


CF 


2- 


( tr if luoromethyl ) phenyl 




70 


COCH3 


0 


CC1 


2- 


( aminosul f ony 1 ) phenyl 


5 


71 


COCH3 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 




72 


COCH3 


0 


CC1 


2- 


( tr i f luoromethyl ) phenyl 




73 


CH 3 


CH 2 


CH 


2- 


(aminosulf onyl) phenyl 




74 


CH 3 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 




75 


CH3 


CH 2 


CH 


2- 


( trif luoromethyl ) phenyl 


10 


76 


CH3 


CH 2 


N 


2- 


(aminosulf onyl ) phenyl 




77 


CH3 


CH 2 


N 


2- 


(me thylsulf onyl ) phenyl 




78 


CH3 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 




79 


CH3 


CH 2 


CF 


2- 


( aminosul fonyl) phenyl 




80 


CH3 


CH 2 


CF 


2- 


( me thy 1 sul f onyl ) phenyl 


15 


81 


CH3 


CH 2 


CF 


2- 


( trif luoromethyl ) phenyl 




82 


CH3 


CH 2 


CC1 


2- 


(aminosulf onyl ) phenyl 




83 


CH3 


CH 2 


CC1 


2- 


(methylsulf onyl ) phenyl 




84 




CH 2 


CC1 


2- 


( trif luoromethyl ) phenyl 




85 


CH3 


0 


CH 


2- 


(aminosulf onyl ) phenyl 


20 


86 


CH3 


0 


CH 


2- 


(methylsulf onyl ) phenyl 




87 


CH3 


0 


CH 


2- 


( trif luoromethyl ) phenyl 




88 


CH3 


0 


N 


2- 


(aminosulf onyl ) phenyl 




89 


CH 3 


0 


N 


2- 


(methylsulf onyl ) phenyl 




90 


CH3 


0 


N 


2- 


( tri f luoromethyl ) phenyl 


25 


91 


CH 3 


0 


CF 


2- 


(aminosulf onyl ) phenyl 




92 


CH 3 


0 


CF 


2- 


(methylsulf onyl ) phenyl 




93 


CH3 


0 


CF 


2- 


{ tr i f luoromethyl ) phenyl 




94 


CH 3 


0 


CC1 


2- 


(aminosulf onyl ) phenyl 




95 


CH 3 


0 


CC1 


2- 


(methylsulf onyl ) phenyl 


30 


96 


CH3 


0 


CC1 


2- 


( trif luoromethyl ) phenyl 




97 


CH 2 Ph 


CH 2 


CH 


2- 


(aminosulf onyl ) phenyl 




98 


CH 2 Ph 


CH 2 


CH 


2- 


(methylsulf onyl ) phenyl 




99 


CH 2 Ph 




CH 


2- 


( trif luoromethvl ) Dhenvl 




100 


CH 2 Ph 


CH 2 


N 


2- 


( aminosul fonyl ) phenyl 


35 


101 


CH 2 Ph 


CH 2 


N 


2- 


(methylsulf onyl ) phenyl 




102 


CH 2 Ph 


CH 2 


N 


2- 


( trif luoromethyl ) phenyl 




103 


CH 2 Ph 


CH 2 


CF 


2- 


(aminosulf onyl ) phenyl 




104 


CH 2 Ph 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 
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105 


CH2Ph 


CH2 


106 


CH2Ph 


CH2 


107 


CH2Ph 


CH2 


108 


CH2Ph 


CH2 


5 109 


CH2Ph 


0 


110 


Cn2Pn 


O 


111 


CH2Ph 


0 


112 


CH2Ph 


0 


113 


CH2Ph 


0 


10 114 


CH2Ph 


0 


115 


CH2Ph 


O 


116 


CfH2Ph 


0 


117 


CH2Ph 


0 


118 


CH2PI1 


0 


15 119 


CH 2 Ph 


0 


120 


CH2Ph 


0 


121 


H 


CH2 


122 


H 


CH2 


123 


H 


CH2 


20 124 


H 


CH2 


125 


H 


CH2 


126 


H 


CH2 


127 


H 


CH2 


128 


H 


CH2 


25 129 


H 


CH2 


130 


H 


CH2 


131 


H 


CH2 


132 


H 


CH2 


133 


H 


0 


30 134 


H 


0 


135 


H 


0 


136 


H 


0 


137 


H 


0 


138 


H 


0 


35 139 


H 


0 


140 


H 


0 


141 


H 


0 


142 


H 


0 



PCT/US97/14222 



CF 


2- 


( trif luoromethyl) phenyl ~ 


CCl 


2- 


(aminosulf onyl ) phenyl 


CC1 


2- 


(methylsulf onyl ) phenyl 


CCl 


2- 


( trif luoromethyl ) phenyl 


CH 


2- 


( aminosul f ony 1 ) phenyl 


CH 


2- 


(methylsulf onyl ) phenyl 


CH 


2- 


( trif luoromethyl ) phenyl 


N 


2- 


(aminosulf onyl ) phenyl 


N 


2- 


(methylsulf onyl ) phenyl 


N 


2- 


( trif luoromethyl ) phenyl 


CF 


2- 


(aminosulf onyl ) phenyl 


CF 


2- 


(methylsulf onyl ) phenyl 


CF 


2- 


( trif luoromethyl ) phenyl 


ppi 


2- 


( aminosulf onvl ) ohenvl 


ppi 


2- 


(methvlsulf onvl ) ohenvl 


CCl 

V— V— ± 


2- 


( trif luoromethyl ) phenyl 




2- 


• (aminosulf onvl) ohenvl 


PH 


2- 


• (methvlsulf onvl ) ohenvl 


PH 


2- 


• ( trif luoromethyl) phenyl 




2- 


■ (aminosulf onvl ) Dhenvl 


N 


2- 


■ (methylsulf onyl ) phenyl 


N 


2- 


• (trif luoromethyl) phenyl 


CF 


2- 


- (aminosulf onyl ) phenyl 


CF 


2- 


- (methylsulf onyl ) phenyl 


CF 


2- 


- ( trif luoromethyl ) phenyl 


CCl 


2- 


- {aminosulf onyl) phenyl 


CCl 


2- 


- (methylsulf onyl) phenyl 


CCl 


2- 


- ( trif luoromethyl ) phenyl 


CH 


2 


- (aminosulf onyl) phenyl 


CH 


2 


- (methylsulf onyl) phenyl 


CH 


2 


- (trif luoromethyl ) phenyl 


N 


2 


- ( aminosul f onyl ) phenyl 


ISi 




\ iuc Lily 1 b ui 1. uny 1 / ^iiiciijr j- 


N 


2 


- (trif luoromethyl) phenyl 


CF 


2 


- ( aminosul fonyl) phenyl 


CF 


2 


- (methylsulf onyl ) phenyl 


CF 


2 


- ( trif luoromethyl ) phenyl 


CCl 


2 


- ( aminosul fonyl ) phenyl 
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143 
144 



H 
H 



O 
0 



CC1 2 - (me thy Isul f ony 1 ) phenyl 
CC1 2 - ( trif luoromethyl ) phenyl 
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Table 15 




5 


EX# 


R 


J 


Y 




B 




1 


S02Me 


CH 2 


CH 


2- 


(aminosulf onyl) phenyl 




2 


S0 2 Me 


CH 2 


CH 


2- 


(methyl sulfonyl ) phenyl 




3 


S0 2 Me 


CH 2 


CH 


2- 


{ tr i f luoromethy 1 ) phenyl 




4 


S0 2 Me 


CH 2 


N 


2- 


(aminosulf onyl ) phenyl 


10 


5 


S0 2 Me 


CH 2 


N 


2- 


(me thylsul f onyl ) phenyl 




6 


S0 2 Me 


CH 2 


N 


2- 


( tr i f luoromethyl ) phenyl 




7 


S0 2 Me 


CH 2 


CF 


2- 


(aminosulf onyl ) phenyl 




8 


S0 2 Me 


CH 2 


CF 


2- 


(methylsulf onyl ) phenyl 




9 


S0 2 Me 


CH 2 


CF 


2- 


( tr i f luoromethy 1 ) phenyl 


15 


10 


S0 2 Me 


CH 2 


CC1 


2- 


(aminosulf onyl) phenyl 




11 


S0 2 Me 


CH 2 


CC1 


2- 


(methylsulf onyl ) phenyl 




12 


S0 2 Me 


CH 2 


CC1 


2- 


( tr i f luoromethyl ) phenyl 




13 


S0 2 Me 


0 


CH 


2- 


(aminosulf onyl) phenyl 




14 


S0 2 Me 


0 


CH 


2- 


(me thylsul f onyl ) phenyl 


20 


15 


S0 2 Me 


0 


CH 


2- 


( trif luoromethyl) phenyl 




16 


S0 2 Me 


0 


N 


2- 


( aminosulf onyl ) phenyl 




17 


S0 2 Me 


0 


N 


2- 


(me thylsul f onyl ) phenyl 




18 


S0 2 Me 


0 


N 


2- 


( tr i f luoromethyl ) phenyl 




19 


S0 2 Me 


0 


CF 


2- 


( aminosulf onyl ) phenyl 


25 


20 


S0 2 Me 


0 


CF 


2- 


(methylsulf onyl) phenyl 




21 


S0 2 Me 


0 


CF 


2- 


( tr i f luoromethyl ) phenyl 




22 


S0 2 Me 


0 


CC1 


2- 


• (aminosulf onyl) phenyl 




23 


S0 2 Me 


0 


CC1 


2- 


• (methylsulf onyl) phenyl 




24 


S0 2 Me 


0 


CC1 


2- 


• ( trif luoromethyl ) phenyl 


30 


25 


C0 2 Me 


CH 2 


CH 


2- 


• ( aminosul f ony 1 ) phenyl 




26 


C0 2 Me 


CH 2 


CH 


2- 


- (methylsulf onyl) phenyl 




27 


C0 2 Me 


CH 2 


CH 


2- 


• ( trif luoromethyl ) phenyl 




28 


C0 2 Me 


CH 2 


N 


2- 


- (aminosulf onyl) phenyl 




29 


C0 2 Me 


CH 2 


N 


2- 


- (methylsulf onyl) phenyl 
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25 



30 



35 



30 


C02Me 


CH 2 


N 


2 


- ( trif luoromethyl) phenyl' 


31 


C02Me 


CH 2 


CF 


2- 


- (aminosulfonyl) phenyl 


32 


C0 2 Me 


CH 2 


CF 


2 


- (methylsulf onyl) phenyl 


33 


C02Me 


CH 2 


CF 


2- 


- ( trif luoromethyl) phenyl 


34 


C0 2 Me 


CH 2 


CC1 


2- 


- (aminosulfonyl) phenyl 


35 


C0 2 Me 


CH 2 


CC1 


2- 


- (methylsulf onyl) phenyl 


36 


C0 2 Me 


CH 2 


CC1 


2- 


- (trif luoromethyl) phenyl 


37 


C0 2 Me 


0 


CH 


2- 


- (aminosulfonyl) phenyl 


38 


C0 2 Me 


0 


CH 


2- 


- (methylsulf onyl) phenyl 


39 


C0 2 Me 


0 


CH 


2- 


- (trif luoromethyl) phenyl 


40 


C0 2 Me 


0 


N 


2- 


- (aminosulfonyl) phenyl 


41 


C0 2 Me 


0 


N 


2- 


- (methylsulf onyl) phenyl 


42 


C0 2 Me 


0 


N 


2- 


- (trif luoromethyl) phenyl 


43 


C0 2 Me 


0 


CF 


2- 


- ( aminosul f ony 1 ) phenyl 


44 


C0 2 Me 


0 


CF 


2- 


- (methylsulf onyl) phenyl 


45 


C0 2 Me 


0 


CF 


2- 


- (trif luoromethyl) phenyl 


46 


C0 2 Me 


0 


CC1 


2- 


* (aminosulfonyl) phenyl 


47 


C0 2 Me 


0 


CC1 


2- 


• (methylsulf onyl ) phenyl 


48 


C0 2 Me 


0 


CC1 


2- 


• (trif luoromethyl) phenyl 


49 


COCH3 


CH 2 


CH 


2- 
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137 


H 


0 


N 


z - 


* (methyl sulfonyl ) phenyl 




138 


H 


0 


N 


2- 


• (trif luoromethyl) phenyl 


35 


139 


H 


0 


CF 


2- 


• (aminosulf onyl ) phenyl 




140 


H 


0 


CF 


2- 


■ (methylsulf onyl ) phenyl 




141 


H 


0 


CF 


2- 


- (trif luoromethyl) phenyl 




142 


H 


0 


CC1 


2- 


- ( aminosul f ony 1 ) phenyl 
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143 H O CC1 2- (methylsulfonyl) phenyl 

144 H O CC1 2- (trifluoromethyl) phenyl 
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10 



15 



20 



25 



30 



Table 17 



crYa, 



H 2 N NH 





R 


Y 




B 


1 


S0 2 Me 


CH 


2- 


(aminosulfonyl) phenyl 


2 


S0 2 Me 


CH 


2- 


( methyl sul f ony 1 ) phenyl 


3 


S0 2 Me 


CH 


2- 


( trif luoromethyl ) phenyl 


4 


S0 2 Me 


N 


2- 


(aminosulfonyl ) phenyl 


5 


S0 2 Me 


N 


2- 


(methylsulf onyl ) phenyl 


6 


S0 2 Me 


N 


2- 


(trif luoromethyl) phenyl 


7 


S0 2 Me 


CF 


2- 


( aminosulfonyl ) phenyl 


8 


S0 2 Me 


CF 


2- 


(methylsulf onyl ) phenyl 


9 


S0 2 Me 


CF 


2- 


( trif luoromethyl) phenyl 


10 


S0 2 Me 


CC1 


2- 


{aminosulfonyl ) phenyl 


11 


S0 2 Me 


CCl 


2- 


(methyl sulf ony 1 ) phenyl 


12 


S0 2 Me 


CC1 


2- 


( tri f luoromethyl ) phenyl 


13 


C0 2 Me 


CH 


2- 


(aminosulfonyl ) phenyl 


14 


C0 2 Me 


CH 


2- 


(methylsulf onyl ) phenyl 


15 


C0 2 Me 


CH 


2- 


( trif luoromethyl ) phenyl 


16 


C0 2 Me 


N 


2- 


( ami no s u 1 f ony 1 ) pheny 1 


17 


C0 2 Me 


N 


2- 


(methylsulf onyl ) phenyl 


18 


C0 2 Me 


N 


2- 


( trif luoromethyl ) phenyl 


19 


C0 2 Me 


CF 


2- 


(aminosulfonyl ) phenyl 


20 


C0 2 Me 


CF 


2- 


(methylsulf ony 1 ) phenyl 


21 


C0 2 Me 


CF 


2- 


• (trif luoromethyl) phenyl 


22 


C0 2 Me 


CCl 


2- 


■ (aminosulfonyl) phenyl 


23 


C0 2 Me 


CCl 


2- 


• (methylsulf onyl ) phenyl 


24 


C0 2 Me 


CCl 


2- 


• ( trif luoromethyl ) phenyl 


25 


COCH3 


CH 


2- 


- (aminosulfonyl ) phenyl 


26 


COCH3 


CH 


2- 


• (methylsulf onyl ) phenyl 


27 


COCH3 


CH 


2- 


• (trif luoromethyl) phenyl 


28 


COCH3 


N 


2- 


- (aminosulfonyl ) phenyl 
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29 


COCH3 


N 


2- 


(methylsulf onyl ) phenyl 


30 


COCH3 


N 


2- 


(trif luoromethyl) phenyl 


31 


COCH3 


CF 


2- 


( aminosul f ony 1 ) phenyl 


32 


COCH3 


CF 


2- 


(methylsulf onyl ) phenyl 


33 


COCH3 


CF 


2- 


( trif luoromethyl ) phenyl 


34 


COCH3 


CC1 


2- 


(aminosulf onyl ) phenyl 


35 


COCH3 


CC1 


2- 


(methylsulf onyl ) phenyl 


36 


COCH3 


CC1 


2- 


( trif luoromethyl ) phenyl 


37 


CH 3 


CH 


2- 


( aminosulf onyl ) phenyl 


38 


CH3 


CH 


2- 


(methylsulf onyl ) phenyl 


39 


CH3 


CH 


2- 


( tri f luoromethyl ) phenyl 


40 


CH3 


N 


2- 


( aminosulf onyl ) phenyl 


41 


CH3 


N 


2- 


(methylsulf onyl ) phenyl 


42 


CH 3 


N 


2- 


( trif luoromethyl ) phenyl 


43 


CH 3 


CF 


2- 


(aminosulf onyl) phenyl 


44 


CH3 


CF 


2- 


(methylsulf onyl ) phenyl 


45 


CH3 


CF 


2- 


(tri f luoromethyl ) phenyl 


46 


CH 3 


CC1 


2- 


( aminosul f ony 1 ) phenyl 


47 


CH3 


CC1 


2- 


(methylsulf onyl ) phenyl 


48 


CH3 


CC1 


2- 


( trif luoromethyl ) phenyl 


49 


CH 2 Ph 


CH 


2- 


(aminosulf onyl ) phenyl 


50 


CH 2 Ph 


CH 


2- 


(methylsulf onyl ) phenyl 


51 


CH 2 Ph 


CH 


2- 


( trif luoromethyl ) phenyl 


52 


CH 2 Ph 


N 


2- 


( aminosul f ony 1 ) phenyl 


53 


CH 2 Ph 


N 


2- 


(methylsulf onyl ) phenyl 


54 


CH 2 Ph 


N 


2- 


( trif luoromethyl ) phenyl 


55 


CH 2 Ph 


CF 


2- 


( aminosul f onyl ) phenyl 


56 


CH 2 Ph 


CF 


2- 


(methylsulf onyl ) phenyl 


57 


CH 2 Ph 


CF 


2- 


(trif luoromethyl) phenyl 


58 


CH 2 Ph 


CC1 


2- 


(aminosulf onyl ) phenyl 


59 


CH 2 Ph 


CC1 


2- 


(methylsulf onyl ) phenyl 


60 


CH 2 Ph 


CC1 


2- 


( trif luoromethyl ) phenyl 


61 


H 


CH 


2- 


[ aminosulf onyl ) phenyl 


62 


H 


CH 


2- 


(methylsulf onyl ) phenyl 


63 


H 


CH 


2- 


[ trif luoromethyl ) phenyl 


64 


H 


N 


2- 


aminosul f onyl ) phenyl 


65 


H 


N 


2- 


methylsulf onyl ) phenyl 


66 


H 


N 


2- 


trif luoromethyl ) phenyl 
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67 H CF 

68 H CF 

69 H CF 

70 H CC1 
5 71 H CC1 

72 H CC1 



2- (aminosulf onyl) phenyl 
2- (methylsulf onyl) phenyl 
2- ( trif luoromethyl) phenyl 
2 - ( aminosulf onyl ) phenyl 
2- (methylsulf onyl) phenyl 
2- (trif luoromethyl) phenyl 
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Table 18 




5 




R 


Y 




B 




1 


S0 2 Me 


CH 


2- 


- ( aminosul f ony 1 ) phenyl 




2 


S0 2 Me 


CH 


2- 


- ( methyl sulf ony 1 ) phenyl 




3 


S0 2 Me 


CH 


2< 


- ( trif luoromethyl ) phenyl 




4 


S02Me 


N 


2- 


- ( aminosul f onyl ) phenyl 


10 


5 


S0 2 Me 


N 


2- 


- (methylsulfonyl) phenyl 




6 


S0 2 Me 


N 


2- 


- ( trif luoromethyl ) phenyl 




7 


S0 2 Me 


CF 


2- 


- ( aminosul f onyl ) phenyl 




8 


S0 2 Me 


CF 


2- 


- (methylsulfonyl) phenyl 




9 


S0 2 Me 


CF 


2- 


- ( trif luoromethyl ) phenyl 


15 


10 


S0 2 Me 


CC1 


2- 


- { aminosul f onyl ) phenyl 




11 


S0 2 Me 


CC1 


2- 


• (methylsulfonyl) phenyl 




12 


S0 2 Me 


CC1 


2- 


- ( trif luoromethyl ) phenyl 




13 


C0 2 Me 


CH 


2- 


• ( aminosul f onyl ) phenyl 




14 


C0 2 Me 


CH 


2- 


- (methylsulfonyl ) phenyl 


20 


15 


C0 2 Me 


CH 


2- 


- ( trif luoromethyl ) phenyl 




16 


C0 2 Me 


N 


2- 


• ( aminosul f onyl ) phenyl 




17 


C0 2 Me 


N 


2- 


• (methylsulfonyl ) phenyl 




18 


C0 2 Me 


N 


2- 


• (trif luoromethyl ) phenyl 




19 


C0 2 Me 


CF 


2- 


( aminosul f onyl ) phenyl 


25 


20 


C0 2 Me 


CF 


2- 


(methylsulfonyl ) phenyl 




21 


C0 2 Me 


CF 


2- 


( trif luoromethyl ) phenyl 




22 


C0 2 Me 


CC1 


2- 


( aminosul f onyl ) phenyl 




23 


C0 2 Me 


CC1 


2- 


(methylsulfonyl ) phenyl 




24 


C0 2 Me 


CC1 


2- 


( tri f luoromethyl ) phenyl 


30 


25 


COCH 3 


CH 


2- 


( aminosul f onyl ) phenyl 




26 


COCH3 


CH 


2- 


(methylsulfonyl ) phenyl 




27 


COCH3 


CH 


2- 


( tr i f luoromethyl ) phenyl 




28 


COCH3 


N 


2- 


( aminosul f onyl ) phenyl 




29 


COCH3 


N 


2- 


(methylsulfonyl ) phenyl 
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59 
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35 


64 


H 


N 


2- 


( aminosul f onyl ) phenyl 




65 


H 


N 


2- 


(methylsulf onyl) phenyl 




66 


H 


N 


2- 


( trif luoromethyl ) phenyl 




67 


H 


CF 


2- 
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(aminosulf onyl) phenyl 
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68 H CF 2- (methylsulfonyl) phenyl 

69 H CF 2- (trifluoromethyl) phenyl 

70 H CC1 2- (aminosulfonyl) phenyl 

71 H CC1 2- (methylsulfonyl) phenyl 
5 72 H CC1 2- (trifluoromethyl) phenyl 



175 



WO 98/06694 



PCT7US97/14222 



Utility 

The compounds of this invention are useful as 
anticoagulants for the treatment or prevention of 
thromboembolic disorders in mammals. The term 
5 "thromboembolic disorders" as used herein includes arterial 
or venous cardiovascular or cerebrovascular thromboembolic 
disorders, including, for example, unstable angina, first or 
recurrent myocardial infarction, ischemic sudden death, 
transient ischemic attack, stroke, atherosclerosis, venous 

10 thrombosis, deep vein thrombosis, thrombophlebitis, arterial 
embolism, coronary and cerebral arterial thrombosis, 
cerebral embolism, kidney embolisms, and pulmonary 
embolisms. The anticoagulant effect of compounds of the 
present invention is believed to be due to inhibition of 

15 factor Xa or thrombin. 

The effectiveness of compounds of the present invention 
as inhibitors of factor Xa was determined using purified 
human factor Xa and synthetic substrate. The rate of factor 
Xa hydrolysis of chromogenic substrate S2222 (Kabi 

20 Pharmacia, Franklin, OH) was measured both in the absence 
and presence of compounds of the present invention. 
Hydrolysis of the substrate resulted in the release of pNA, 
which was monitored spectrophotometrically by measuring the 
increase in absorbance at 405 nM. A decrease in the rate of 

25 absorbance change at 405 run in the presence of inhibitor is 
indicative of enzyme inhibition. The results of this assay 
are expressed as inhibitory constant, Ki. 

Factor Xa determinations were made in 0.10 M sodium 
phosphate buffer, pH 7.5, containing 0.20 M NaCl, and 0.5 % 

30 PEG 8000. The Michaelis constant, K m , for substrate 
hydrolysis was determined at 25°C using the method of 
Lineweaver and Burk. Values of Ki were determined by 
allowing 0.2-0.5 nM human factor Xa (Enzyme Research 
Laboratories, South Bend, IN) to react with the substrate 

35 (0.20 mM-1 mM) in the presence of inhibitor. Reactions were 
allowed to go for 30 minutes and the velocities (rate of 
absorbance change vs time) were measured in the time frame 
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of 25-30 minutes. The following relationship was used to 
calculate Ki values: 

(v 0 -v s )/v s = I/(Ki (1 + S/K m )) 

where : 

5 v 0 is the velocity of the control in the absence of 

inhibitor; 

v s is the velocity in the presence of inhibitor; 
I is the concentration of inhibitor; 

Ki is the dissociation constant of the enzyme : inhibitor 

10 complex; 

S is the concentration of substrate; 
K m is the Michaelis constant. 
Using the methodology described above, a number of compounds 
of the present invention were found to exhibit a Ki of <1 

15 JIM, thereby confirming the utility of the compounds of the 
present invention as effective Xa inhibitors. 

The antithrombotic effect of compounds of the present 
invention can be demonstrated in a rabbit arterio-venous 
(AV) shunt thrombosis model. In this model, rabbits 

20 weighing 2-3 kg anesthetized with a mixture of xylazine (10 
mg/kg i.m.) and ketamine (50 mg/kg i.m.) are used. A 
saline- filled AV shunt device is connected between the 
femoral arterial and the femoral venous cannulae. The AV 
shunt device consists of a piece of 6-cm tygon tubing which 

25 contains a piece of silk thread. Blood will flow from the 
femoral artery via the AV-shunt into the femoral vein. The 
exposure of flowing blood to a silk thread will induce the 
formation of a significant thrombus. After forty minutes, 
the shunt is disconnected and the silk thread covered with 

30 thrombus is weighed. Test agents or vehicle will be given 

(i.v., i.p., s.c, or orally) prior to the opening of the AV 
shunt. The percentage inhibition of thrombus formation is 
determined for each treatment group. The ID50 values (dose 
which produces 50% inhibition of thrombus formation) are 

35 estimated by linear regression. 

The compounds of formula (I) may also be useful as 
inhibitors of serine proteases, notably human thrombin, 
plasma kallikrein and plasmin. Because of their inhibitory 
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action, these compounds are indicated for use in the 
prevention or treatment of physiological reactions, blood 
coagulation and inflammation, catalyzed by the aforesaid 
class of enzymes. Specifically, the compounds have utility 
5 as drugs for the treatment of diseases arising from elevated 
thrombin activity such as myocardial infarction, and as 
reagents used as anticoagulants in the processing of blood 
to plasma for diagnostic and other commercial purposes. 

Some compounds of the present invention were shown to 

10 be direct acting inhibitors of the serine protease thrombin 
by their ability to inhibit the cleavage of small molecule 
substrates by thrombin in a purified system. In vitro 
inhibition constants were determined by the method described 
by Kettner et al. in J. Biol. Chem. 265, 18289-18297 (1990), 

15 herein incorporated by reference. In these assays, 

thrombin-mediated hydrolysis of the chromogenic substrate 
S2238 (Helena Laboratories, Beaumont, TX) was monitored 
spectrophotometrically. Addition of an inhibitor to the 
assay mixture results in decreased absorbance and is 

20 indicative of thrombin inhibition. Human thrombin (Enzyme 
Research Laboratories, Inc., South Bend, IN) at a 
concentration of 0.2 nM in 0.10 M sodium phosphate buffer, 
pH 7.5, 0.20 M NaCl, and 0.5% PEG 6000, was incubated with 
various substrate concentrations ranging from 0.20 to 0.02 

25 xriM. After 25 to 3 0 minutes of incubation, thrombin activity 
was assayed by monitoring the rate of increase in absorbance 
at 405 run which arises .owing to substrate hydrolysis. 
Inhibition constants were derived from reciprocal plots of 
the reaction velocity as a function of substrate 

30 concentration using the standard method of Lineweaver and 

Burk. Using the methodology described above, some compounds 
of this invention were evaluated and found to exhibit a Ki 
of less than 5 fim. 

The compounds of the present invention can be 

35 administered alone or in combination with one or more 

additional therapeutic agents. These include other anti- 
coagulant or coagulation inhibitory agents, anti-platelet or 
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platelet inhibitory agents, thrombin inhibitors, or 
thrombolytic or fibrinolytic agents. 

The compounds are administered to a mammal in a 
therapeutically effective amount. By " therapeutically 
5 effective amount" it is meant an amount of a compound of 
Formula I that, when administered alone or in combination 
with an additional therapeutic agent to a mammal, is 
effective to prevent or ameliorate the thromboembolic 
disease condition or the progression of the disease. 

10 By "administered in combination" or "combination 

therapy" it is meant that the compound of Formula I and one 
or more additional therapeutic agents are administered 
concurrently to the mammal being treated. When administered 
in combination each component may be administered at the 

15 same time or sequentially in any order at different points 
in time. Thus, each component may be administered 
separately but sufficiently closely in time so as to provide 
the desired therapeutic effect. Other anticoagulant agents 
(or coagulation inhibitory agents) that may be used in 

20 combination with the compounds of this invention include 

warfarin and heparin, as well as other factor Xa inhibitors 
such as those described in the publications identified above 
under Background of the Invention. 

The term anti-platelet agents (or platelet inhibitory 

25 agents) , as used herein, denotes agents that inhibit 

platelet function such as by inhibiting the aggregation, 
adhesion or granular secretion of platelets. Such agents 
include, but are not limited to, the various known 
non-steroidal anti -inflammatory drugs (NSAIDS) such as 

30 aspirin, ibuprofen, naproxen, sulindac, indomethacin, 
mefenamate, droxicam, diclofenac, sulfinpyrazone, and 
piroxicam, including pharmaceutical^ acceptable salts or 
prodrugs thereof. Of the NSAIDS, aspirin (acetylsalicyclic 
acid or ASA) , and piroxicam are preferred. Other suitable 

35 anti-platelet agents include ticlopidine, including 

pharmaceutically acceptable salts or prodrugs thereof. 
Ticlopidine is also a preferred compound since it is known 
to be gentle on the gastro-intestinal tract in use. Still 
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other suitable platelet inhibitory agents include lib/ Ilia 
antagonists, thromboxane -A2 -receptor antagonists and 
thromboxane -A2 -synthetase inhibitors, as well as 
pharmaceutical^ acceptable salts or prodrugs thereof. 
5 The term thrombin inhibitors (or anti-thrombin agents) , 

as used herein, denotes inhibitors of the serine protease 
thrombin. By inhibiting thrombin, various thrombin -mediated 
processes, such as thrombin -mediated platelet activation 
(that is, for example, the aggregation of platelets, and/or 

10 the granular secretion of plasminogen activator inhibitor- 1 
and/or serotonin) and/or fibrin formation are disrupted. A 
number of thrombin inhibitors are known to one of skill in 
the art and these inhibitors are contemplated to be used in 
combination with the present compounds. Such inhibitors 

15 include, but are not limited to, boroarginine derivatives, 
boropeptides, heparins, hirudin and argatroban, including 
pharmaceutical ly acceptable salts and prodrugs thereof. 
Boroarginine derivatives and boropeptides include N-acetyl 
and peptide derivatives of boronic acid, such as C-terminal 

20 a-aminoboronic acid derivatives of lysine, ornithine, 

arginine, homoarginine and corresponding isothiouronium 
analogs thereof. The term hirudin, as used herein, includes 
suitable derivatives or analogs of hirudin, referred to 
herein as hirulogs, such as disulfatohirudin. Boropeptide 

25 thrombin inhibitors include compounds described in Kettner 
et al., U.S. Patent No. 5,187,157 and European Patent 
Application Publication Number 293 881 A2, the disclosures 
of which are hereby incorporated herein by reference. Other 
suitable boroarginine derivatives and boropeptide thrombin 

30 inhibitors include those disclosed in PCT Application 

Publication Number 92/07869 and European Patent Application 
Publication Number 471,651 A2, the disclosures of which are 
hereby incorporated herein by reference. 

The term thrombolytics (or fibrinolytic) agents (or 

35 thrombolytics or fibrinolytics) , as used herein, denotes 

agents that lyse blood clots (thrombi) . Such agents include 
tissue plasminogen activator, anistreplase, urokinase or 
streptokinase, including pharmaceutical ly acceptable salts 
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or prodrugs thereof. The term anistreplase, as used herein, 
refers to anisoylated plasminogen streptokinase activator 
complex, as described, for example, in European Patent 
Application No. 028,489, the disclosure of which is hereby 
5 incorporated herein by reference herein. The term 

urokinase, as used herein, is intended to denote both dual 
and single chain urokinase, the latter also being referred 
to herein as prourokinase . 

Administration of the compounds of Formula I of the 

10 invention in combination with such additional therapeutic 
agent, may afford an efficacy advantage over the compounds 
and agents alone, and may do so while permitting the use of 
lower doses of each. A lower dosage minimizes the potential 
of side effects, thereby providing an increased margin of 

15 safety. 

The compounds of the present invention are also useful 
as standard or reference compounds, for example as a quality 
standard or control, in tests or assays involving the 
inhibition of factor Xa. Such compounds may be provided in 

20 a commercial kit, for example, for use in pharmaceutical 
research involving factor Xa. For example, a compound of 
the present invention could be used as a reference in an 
assay to compare its known activity to a compound with an 
unknown activity. This would ensure the experimenter that 

25 the assay was being performed properly and provide a basis 
for comparison, especially if the test compound was a 
derivative of the reference compound. When developing new 
assays or protocols, compounds according to the present 
invention could be used to test their effectiveness. 

30 The compounds of the present invention may also be used 

in diagnostic assays involving factor Xa. For example, the 
presence of factor Xa in an unknown sample could be 
determined by addition of chromogenic substrate S2222 to a 
series of solutions containing test sample and optionally 

35 one of the compounds of the present invention. If 

production of pNA is observed in the solutions containing 
test sample, but no compound of the present invention, then 
one would conclude factor Xa was present. 
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Dogflgq and FpEmulfltiPP 
The compounds of this invention can be 
administered in such oral dosage forms as tablets, capsules 
5 (each of which includes sustained release or timed release 
formulations), pills, powders, granules, elixirs, tinctures, 
suspensions, syrups, and emulsions. They may also be 
administered in intravenous (bolus or infusion) , 
intraperitoneal, subcutaneous, or intramuscular form, all 
10 using dosage forms well known to those of ordinary skill in 
the pharmaceutical arts. They can be administered alone, 
but generally will be administered with a pharmaceutical 
carrier selected on the basis of the chosen route of 
administration and standard pharmaceutical practice. 
15 The dosage regimen for the compounds of the present 

invention will, of course, vary depending upon known 
factors, such as the pharmacodynamic characteristics of the 
particular agent and its mode and route of administration; 
the species, age, sex, health, medical condition, and weight 
20 of the recipient; the nature and extent of the symptoms; the 
kind of concurrent treatment; the frequency of treatment; 
the route of administration, the renal and hepatic function 
of the patient, and the effect desired. A physician or 
veterinarian can determine and prescribe the effective 
25 amount of the drug required to prevent, counter, or arrest 
the progress of the thromboembolic disorder. 

By way of general guidance, the daily oral dosage of 
each active ingredient, when used for the indicated effects, 
will range between about 0.001 to 1000 mg/kg of body weight, 
30 preferably between about 0.01 to 100 mg/kg of body weight 
per day, and most preferably between about 1.0 to 20 
mg/kg/day. Intravenously, the most preferred doses will 
range from about 1 to about 10 mg/kg /minute during a 
constant rate infusion. Compounds of this invention may be 
35 administered in a single daily dose, or the total daily 

dosage may be administered in divided doses of two, three, 
or four times daily. 
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Compounds of this invention can be administered in 
intranasal form via topical use of suitable intranasal 
vehicles, or via transdermal routes, using transdermal skin 
patches. When administered in the form of a transdermal 
5 delivery system, the dosage administration will, of course, 
be continuous rather than intermittent throughout the dosage 
regimen . 

The compounds are typically administered in admixture 
with suitable pharmaceutical diluents, excipients, or 

10 carriers (collectively referred to herein as pharmaceutical 
carriers) suitably selected with respect to the intended 
form of administration, that is, oral tablets, capsules, 
elixirs, syrups and the like, and consistent with 
conventional pharmaceutical practices. 

15 For instance, for oral administration in the form of a 

tablet or capsule, the active drug component can be combined 
with an oral, non-toxic, pharmaceutically acceptable, inert 
carrier such as lactose, starch, sucrose, glucose, methyl 
callulose, magnesium stearate, dicalcium phosphate, calcium 

20 sulfate, mannitol, sorbitol and the like; for oral 

administration in liquid form, the oral drug components can 
be combined with any oral, non- toxic, pharmaceutically 
acceptable inert carrier such as ethanol, glycerol, water, 
and the like. Moreover, when desired or necessary, suitable 

25 binders, lubricants, disintegrating agents, and coloring 

agents can also be incorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as 
glucose or beta-lactose, corn sweeteners, natural and 
synthetic gums such as acacia, tragacanth, or sodium 

30 alginate, carboxyme thy lcellu lose, polyethylene glycol, 

waxes, and the like. Lubricants used in these dosage forms 
include sodium oleate, sodium stearate, magnesium stearate, 
sodium benzoate, sodium acetate, sodium chloride, and the 
like. Disintegrators include, without limitation, starch, 

35 methyl cellulose, agar, bentonite, xanthan gum, and the 
like. 

The compounds of the present invention can also be 
administered in the form of liposome delivery systems, such 

183 



WO 98/06694 



PCT/US97/14222 



as small unilamellar vesicles, large unilamellar vesicles, 
and multilamellar vesicles. Liposomes can be formed from a 
variety of phospholipids, such as cholesterol, stearylamine, 
or phosphatidylcholines. 
5 Compounds of the present invention may also be coupled 

with soluble polymers as targetable drug carriers. Such 
polymers can include polyvinylpyrrolidone, pyran copolymer, 
polyhydroxypropylmethacrylamide-phenol, 

polyhydroxyethylaspartamidephenol , or polyethyleneoxide- 

10 poly lysine substituted with palmitoyl residues. 

Furthermore, the compounds of the present invention may be 
coupled to a class of biodegradable polymers useful in 
achieving controlled release of a drug, for example, 
polylactic acid, polyglycolic acid, copolymers of polylactic 

15 and polyglycolic acid, polyepsilon caprolactone, polyhydroxy 
butyric acid, polyorthoesters, polyacetals, 
polydihydropyrans , polycyanoacylates, and crosslinked or 
amphipathic block copolymers of hydrogels. 

Dosage forms (pharmaceutical compositions) suitable for 

20 administration may contain from about 1 milligram to about 
100 milligrams of active ingredient per dosage unit. In 
these pharmaceutical compositions the active ingredient will 
ordinarily be present in an amount of about 0.5-95% by 
weight based on the total weight of the composition. 

25 Gelatin capsules may contain the active ingredient and 

powdered carriers, such as lactose, starch, cellulose 
derivatives, magnesium stearate, stearic acid, and the like. 
Similar diluents can be used to make compressed tablets . 
Both tablets and capsules can be manufactured as sustained 

30 release products to provide for continuous release of 

medication over a period of hours. Compressed tablets can 
be sugar coated or film coated to mask any unpleasant taste 
and protect the tablet from the atmosphere, or enteric 
coated for selective disintegration in the gastrointestinal 

35 tract. 

Liquid dosage forms for oral administration can contain 
coloring and flavoring to increase patient acceptance. 
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In general, water, a suitable oil, saline, aqueous 
dextrose (glucose) , and related sugar solutions and glycols 
such as propylene glycol or polyethylene glycols are 
suitable carriers for parenteral solutions. Solutions for 
5 parenteral administration preferably contain a water soluble 
salt of the active ingredient, suitable stabilizing agents, 
and if necessary, buffer substances. Antioxidizing agents 
such as sodium bisulfite, sodium sulfite, or ascorbic acid, 
either alone or combined, are suitable stabilizing agents. 

10 Also used are citric acid and its salts and sodium EDTA. In 
addition, parenteral solutions can contain preservatives, 
such as benzalkonium chloride, methyl- or propyl -paraben, 
and chlorobutanol . 

Suitable pharmaceutical carriers are described in 

15 Remington's Pharmaceutical Sciences , Mack Publishing 
Company, a standard reference text in this field. 

Representative useful pharmaceutical dosage- forms for 
administration of the compounds of this invention can be 
illustrated as follows: 

20 Capsules 

A large number of unit capsules can be prepared by 
filling standard two-piece hard gelatin capsules each with 
100 milligrams of powdered active ingredient, 150 milligrams 
of lactose, 50 milligrams of cellulose, and 6 milligrams 

25 magnesium stearate. 

Sgfit gelatin capsules 

A mixture of active ingredient in a diges table oil 
such as soybean oil, cottonseed oil or olive oil may be 
prepared and injected by means of a positive displacement 
30 pump into gelatin to form soft gelatin capsules containing 
100 milligrams of the active ingredient. The capsules 
should be washed and dried. 

Tablets may be prepared by conventional procedures so 
35 that the dosage unit is 100 milligrams of active ingredient, 
0.2 milligrams of colloidal silicon dioxide, 5 milligrams of 
magnesium stearate, 275 milligrams of microcrystalline 
cellulose, 11 milligrams of starch and 98.8 milligrams of 
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lactose. Appropriate coatings may be applied to increase 
palatability or delay absorption. 
Injectable 

A parenteral composition suitable for administration 
5 by injection may be prepared by stirring 1.5% by weight of 
active ingredient in 10% by volume propylene glycol and 
water. The solution should be made isotonic with sodium 
chloride and sterilized. 
Suspension 

10 An aqueous suspension can be prepared for oral 

administration so that each 5 mL contain 100 mg of finely 
divided active ingredient, 200 mg of sodium carboxymethyl 
cellulose, 5 mg of sodium benzoate, 1.0 g of sorbitol 
solution, U.S. P., and 0.025 mL of vanillin. 

15 Where the compounds of this invention are combined with 

other anticoagulant agents, for example, a daily dosage may 
be about 0.1 to 100 milligrams of the compound of Formula I 
and about 1 to 7.5 milligrams of the second anticoagulant, 
per kilogram of patient body weight. For a tablet dosage 

20 form, the compounds of this invention generally may be 

present in an amount of about 5 to 10 milligrams per dosage 
unit, and the second ant i- coagulant in an amount of about 1 
to 5 milligrams per dosage unit. 

Where the compounds of Formula I are administered in 

25 combination with an ant i -platelet agent, by way of general 
guidance, typically a daily dosage may be about 0.01 to 25 
milligrams of the compound of Formula I and about 50 to 150 
milligrams of the anti-platelet agent, preferably about 0.1 
to 1 milligrams of the compound of Formula I and about 1 to 

30 3 milligrams of antiplatelet agents, per kilogram of patient 
body weight. 

Where the compounds of Formula I are admins tered in 
combination with thrombolytic agent, typically a daily 
dosage may be about 0 . 1 to 1 milligrams of the compound of 
35 Formula I, per kilogram of patient body weight and, in the 
case of the thrombolytic agents, the usual dosage of the 
thrombolyic agent when administered alone may be reduced by 
about 70-80% when administered with a compound of Formula I. 
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Where two or more of the foregoing second therapeutic 
agents are administered with the compound of Formula I, 
generally the amount of each component in a typical daily 
dosage and typical dosage form may be reduced relative to 
5 the usual dosage of the agent when administered alone, in 
view of the additive or synergistic effect of the 
therapeutic agents when administered in combination. 

Particularly when provided as a single dosage unit, the 
potential exists for a chemical interaction between the 

10 combined active ingredients. For this reason, when the 
compound of Formula I and a second therapeutic agent are 
combined in a single dosage unit they are formulated such 
that although the active ingredients are combined in a 
single dosage unit, the physical contact between the active 

15 ingredients is minimized (that is, reduced) . For example, 
one active ingredient may be enteric coated. By enteric 
coating one of the active ingredients, it is possible not 
only to minimize the contact between the combined active 
ingredients, but also, it is possible to control the release 

20 of one of these components in the gastrointestinal tract 
such that one of these components is not released in the 
stomach but rather is released in the intestines. One of 
the active ingredients may also be coated with a material 
which effects a sustained-release throughout the 

25 gastrointestinal tract and also serves to minimize physical 
contact between the combined active ingredients. 
Furthermore, the sustained-released component can be 
additionally enteric coated such that the release of this 
component occurs only in the intestine. Still another 

30 approach would involve the formulation of a combination 
product in which the one component is coated with a 
sustained and/or enteric release polymer, and the other 
component is also coated with a polymer such as a low- 
viscosity grade of hydroxypropyl methylcellulose (HPMC) or 

35 other appropriate materials as known in the art, in order to 
further separate the active components. The polymer 
coating serves to form an additional barrier to interaction 
with the other component. 
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These as well as other ways of minimizing contact 
between the components of combination products of the 
present invention, whether administered in a single dosage 
form or administered in separate forms but at the same time 
5 by the same manner, will be readily apparent to those 

skilled in the art, once armed with the present disclosure. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
10 scope of the appended claims, the invention may be practiced 
otherwise that as specifically described herein. 
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WHAT IS CLAIMED AS NEW AND DESIRED TO BE SECURED BY LETTER 
PATENT OF UNIT ED STATES IS; 

1 . A compound of formula I : 

5 




I 

or stereoisomers or pharmaceutical!]/ acceptable salts 
thereof , wherein ; 

10 

one of D and D' is selected from CN, C ( =NR 7 ) NR 8 R 9 , 

NHC(=NR 7 )NR 8 R 9 , NR 8 CH(=NR 7 ), C(0)NR 8 R 9 , and (CH 2 ) t NR 8 R 9 
and the other is H; 

15 Z is selected from CH 2 , C=0, CH 2 C(0), C(0)0, CONH, CH 2 NH 2 < 
CH 2 0, S0 2 , and S0 2 NH; 

J 1 and J 2 are independently selected from O and CH 2 , provided 
that if J 1 is 0, then J 2 is CH 2 and if J 2 is 0, then J 1 
20 is CH 2 ; 

R is selected from C0 2 R 1 / COR 1 , OR 1 , NR 2 R 2a , CONR 2 R 2a , 
S(0)pR la ,and S(0)pNR 2 R 2a ; 

25 R a is selected from H and C3-4 alkyl; 

R b is H; 

when J 1 and J 2 are CH 2/ then R a and R b can combine to form a 
30 bond; 

R 1 is selected from: 
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H, 

C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
5-6 membered heterocyclic system containing from 1-4 
5 heteroatoms selected from the group consisting of N, 0, 

and S substituted with 0-2 R 4 ; 

R la is selected from: 

C1-4 alkyl substituted with 0-1 R 3 , 
10 C3-6 carbocyclic residue substituted with 0-2 R 4 , and 

5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, 
and S substituted with 0-2 R 4 ; 

15 R 2 and R 2a are independently selected from H, C1-4 alkyl, and 
phenyl ; 

R 2 and R 2a may be taken together to form a 5 or 6 membered 

ring substituted with 0-2 R 4 which may contain from 0-1 
20 heteroatoms selected from the group consisting of N, O, 

and S; 

R 2a may also be C1-4 alkoxy; 

25 R 3 is selected from: 

phenyl substituted with 0-2 R 4 , and 
5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0 f 
and S substituted with 0-2 R 4 ; 

30 

A is selected from: 

C3-13 carbocyclic residue substituted with 0-2 R 4 , and 
5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
35 S substituted with 0-2 R 4 ; 

B is selected from: 

X-Y, NR 2 R 2a , C(=NR 2 )NR 2 R 2a , NR 2 C ( =NR 2 ) NR 2 R 2a , 
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benzyl substituted with 0-2 R 4a , 

C3-10 carbocyclic residue substituted with 0-2 R 4a , and 
5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
5 S substituted with 0-2 R 4 , provided that B is other than 
tetrazol-5-yl; 

X is selected from C1-4 alkylene, -C(0)-, -C {0)CR 2 R 2a -, 
-CR 2 R 2a C(0), -S{0) p -, -S(0) p CR 2 R 2a -, -CR 2 R 2a S (0) p - , 

10 -S(0) 2 NR 2 -, -NR 2 S{0) 2 -, -NR 2 S <0) 2 CR 2 R 2a - , 

-CR 2 R 2a S{0) 2 NR 2 -, -NR 2 S(0) 2 NR 2 -, -C(0)NR 2 -, -NR 2 C(0)-, 
-C(0)NR 2 CR 2 R 2a -, -NR 2 C(0)CR 2 R 2a -, -CR 2 R 2a C ( O ) NR 2 - , 
-CR 2 R 2a NR 2 C(0) -, -NR 2 C(0)0-, -0C(0)NR 2 -, -NR 2 C (O) NR 2 - , 
-NR 2 - , -NR 2 CR 2 R 2a -, -CR 2 R 2a NR 2 - , 0, -CR 2 R 2a O- ( -0CR 2 R 2a -, 

15 and S; 

Y is selected from: 

C3-10 carbocyclic residue substituted with 0-2 R 4 , and 
5-10 membered heterocyclic system containing from 1-4 
20 heteroatoms selected from the group consisting of N, 0, and 

S substituted with 0-2 R 4 , provided that Y is other than 

tetrazol-5-yl; 

R 4 is selected from OK, (CH 2 ) r OR 2 , halo, C1-4 alkyl, CN, N0 2 , 
25 (CH 2 ) r NR 2 R 2a , (CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0) NR 2 R 2a , 

CH(=NH)NH 2 , NHC(=NH)NH 2/ S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 - 
C1-4 alkyl, NR 2 S0 2 R 5 , S(0) p R la , and CF 3 ; 

R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
30 {CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C ( 0 ) NR 2 R 2a , CH<=NH)NH 2 , 

NHC (=NH) NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 -Ci_ 4 alkyl, 
NR 2 S0 2 R 5 , S(0) p R la , and CF 3 ; 

R 5 is selected from: 
35 C3-10 carbocyclic residue substituted with 0-2 R 6 , and 

5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 6 ; 
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is selected from H, OH, (CH 2 ) r OR 2 , halo, C1J4 alkyi, CN, 
N0 2 , (CH 2 ) r NR 2 R 2a ^CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , 
NR 2 C(0)NR 2 R 2a , CH(=NH)NH 2 , NHC ( =NH ) NH 2 , S0 2 NR 2 R 2a , 
5 NR 2 S0 2 NR 2 R 2a , and NR 2 S0 2 Ci- 4 alkyl; 

R 7 is selected from H, OH, C1-6 alkyl, Ci- 6 alkylcarbonyl , Ci_ 
6 alkoxy, C1-4 alkoxycarbonyl , Ce-io aryloxy, C 6 -io 
ary loxycarbonyl , C6-10 arylmethylcarbonyl , C1-4 
10 alkylcarbonyloxy C1-4 alkoxycarbonyl, C6-10 

arylcarbonyloxy C1-4 alkoxycarbonyl, Ci-e 
alkylaminocarbonyl , phenylaminocarbonyl , and phenyl C1-4 
alkoxycarbonyl ; 

15 R 8 is selected from H, Ci_ 6 alkyl and (CH 2 ) n -phenyl ; 
R9 is selected from H, Ci. 6 alkyl and (CH 2 ) n -phenyl; 
n is selected from 0, 1, 2, and 3; 

20 

m is selected from 0, 1, and 2; 
p is selected from 0, 1, and 2; and, 
25 r is selected from 0, 1, and 2; 

provided that if B is tetrazolyl, R 4 is present. 

30 2. A compound according to Claim 1, wherein the 

compound is of formula la: 
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la 

or a stereoisomer or pharmaceutical^ acceptable salt form 
thereof , wherein ; 

5 

Z is selected from CH2, C=0, 0(0)0, and SO2. 



3 . A compound according to Claim 2 , wherein ; 

10 

one of D and D 1 is C(=NR 7 )NH2 and the other is H; 

B is selected from: 
X-Y, NR 2 R 2a , 
15 benzyl substituted with 0-2 R 4a , 

C3-10 carbocyclic residue substituted with 0-2 R 4a , and 
5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 4 , provided that B is other than 
20 tetrazol-5-yl; 



X is selected from C1-4 alkylene, -C<0)-, -C(0)CR 2 R 2a -, 
-CR 2 R 2a C(0), -S(0) p -, -S(0) p CR 2 R 2a - / -CR 2 R 2a S (0) p -, 
-S(0) 2 NR 2 -, -NR 2 S(0) 2 -, -C(0)NR 2 -, -NR 2 C(0)-, -NR 2 - , 
25 -NR 2 CR 2 R 2a - , -CR 2 R 2a NR 2 - , 0, -CR 2 R 2a O-, and -OCR 2 R 2a -; 

R 4 is selected from OH, (CH 2 ) r OR 2 , halo, C1-4 alkyl, CN, N0 2 , 
<CH 2 ) r NR 2 R 2a , (CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (O) NR 2 R 2a , 
CH(=NH)NH 2 , NHC(=NH)NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a ( NR 2 S0 2 - 
30 C1-4 alkyl, S(0) p Ri a , and CF3; 
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R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
(CH 2 ) r C<0)R 2 , NR 2 C<0)R 2a , NR 2 C (0) NR 2 R 2a , CH(=NH)NH 2 , 
NHC ( =NH ) NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 -C!-4 alkyl, 
S(0) p R la , and CF 3 ; and, 

5 

n is selected from 0 and 1. 



4. A compound according to Claim 3, wherein the 
10 compound is of formula II: 

A. 




• NH 2 
NH 

II 

or a stereoisomer or pharmaceutical ly acceptable salt form 
15 thereof , wherein ; 

R is selected from C0 2 R 1 , COR 1 , OR 1 , CONR 2 R 2a , S(0) p R la ,and 
S(0)pNR 2 R 2a ; 

20 R 1 and R la are independently selected from: 
C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and . 
5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, O, 
25 and S substituted with 0-2 R 4 ; 

X is selected from C1-4 alkylene, -C(0)-, -S(0) p -, -NR 2 -, and 
O; and, 

3 0 m is selected from 0 and 1. 
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5. A compound according to Claim 4, wherein; 

R is selected from CO2R 1 , COR 1 , OR 1 , and CONR 2 R 2a ; 



5 R 1 and R la are independently selected from: 
Ci_4 alkyl substituted with 0-1 R 3 , and 
C3-6 carbocyclic residue substituted with 0-2 R 4 ; and, 

R 2 and R 2a may be taken together to form a 5 or 6 membered 
10 ring substituted with 0-2 R 4 . 

6. A compound according to Claim 5, wherein ; 

15 R a is selected from H and Ci_4 alkyl; 

R 1 and R la are independently selected from C1-4 alkyl 
substituted with 0-1 R 3 ; 

20 R 3 is phenyl substituted with 0-2 R 4 ; and, 

Y is a C3-10 carbocyclic residue substituted with 0-2 R 4 . 

25 7. A compound according to Claim 6, wherein the compound or 

pharmaceutical ly acceptable salt form thereof is selected from the 
group consisting of: 

trans- 1- { 4-amidinophenyl)methyl-3-carbomethoxy-4- (3- 
3 0 amidinophenyl ) pyrrol idine ; 

trans- 1- [ (2 1 -aminosulf onyl- (1, 1 ' ] -biphenyl -4 -yl) methyl] -3- 
carbomethoxy-4 - ( 3 -amidinophenyl ) pyrrolidine ; 

35 (35, 4R) -1- [ (2 ' -aminosulf onyl- [1,1'] -biphenyl- 4 -yl ) methyl) -3 - 
carbome thoxy-4 - ( 3 - amidinophenyl ) pyrrolidine ; 



195 



WO 98/06694 PCTAJS97/14222 

(3R, 4S) -1- [ (2 ' -aminosulfonyl- [1, 1 ' ] -biphenyl -4 -yl) methyl] -3- " 
carbomethoxy-4 - ( 3 -amidinophenyl ) pyrrolidine ; 

trans-1- [ (2 ' -aminosulfonyl- [1, 1 ■ ] -biphenyl -4 -yl) methyl] -4- (3- 
5 amidinophenyl )pyrrolidin-3-ylcarboxylic acid 

trans-1- [ (2 •-aminosulfonyl- [l f 1' ] -biphenyl- 4 -yl) methyl] -4 - (3- 
amidinophenyl ) pyrrolidin-3 -ylcarboxylic amide 

10 trans-1- [ (2 '-aminosulfonyl- [1,1* ] -biphenyl -4 -yl) methyl] -4- (3- 
amidinophenyl) pyrrolidin-3 -ylcarboxylic N, N -dime thy lamide 

cis-1- [ (2 ' -aminosulfonyl- [1, 1' ] -biphenyl -4 -yl ) methyl] -3 - 
carbomethoxy-4 - { 3 -amidinophenyl ) pyrrolidine ; 

15 

cis- 1 - [ ( 2 1 -aminosulfonyl - [ 1 , 1 ' 3 -biphenyl - 4 -yl ) methyl ] -4 - ( 3 - 
amidinophenyl) pyrrolidin-3 -ylcarboxylic acid 

trans-1- [ (2 ' -aminosulfonyl- [l f 1 * ] -biphenyl- 4 -yl) methyl] -3- 
20 carboisopropoxy-4- (3 -amidinophenyl) pyrrolidine; 

trans-1- [ (2 ' -aminosulfonyl- [1, 1 • ] -biphenyl - 4 -yl) methyl] -3 - 
carbobutoxy-4- ( 3 - amidinophenyl ) pyrrolidine ; 

25 trans-1- [ (2 • -aminosulfonyl - [1, 1 ■ ] -biphenyl -4 -yl) methyl] - 3 -acetyl - 
4 - { 3 -amidinophenyl ) pyrrolidine ? 

trans-1- [ (2 1 -aminosulfonyl- [1, 1 1 ] -biphenyl -4 -yl) methyl] -3- 
carboethoxy-3-methyl-4- ( 3 -amidinophenyl ) pyrrolidine ; 

30 

trans-1- [ [2- (2-cyanophenylthio)phenyl]carbonyl] -3-carbomethoxy-4- 
( 3 -amidinophenyl ) pyrrolidine ; 

trans-1- [ [2- (2-cyanophenylthio)phenyl]methyl] -3 -carbomethoxy-4- (3- 
3 5 amidinophenyl ) pyrrolidine ; 

trans-1- [ (2 1 -aminosulfonyl - [1, 1 ' ] -biphenyl -4 -yl) sulfonyl] -3- 
carbomethoxy-4 - ( 3 -amidinophenyl ) pyrrolidine ; 
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trans-1- [ (2 * -aminosulf onyl- [1,1'] -biphenyl-4-yl) sulf onyl] -3- 
carboisopropoxy-4- { 3 -amidinophenyl ) pyrrolidine ; 

5 trans- 1- [9-f luorenylmethoxycarbonyl] -3-carbomethoxy-4- (3- 
amidinophenyl ) pyrrolidine; 

trans-2 -benzyl -4 -carbomethoxy-5- (3 -amidinophenyl) isoxazolidine; 

10 trans-2- [ (2 ■ -aminosulf onyl- [1, 1 ' ] -biphenyl-4-yl) methyl] -4- 
carbomethoxy-5- (3 -amidinophenyl) isoxazolidine; 

trans-2- [ (2 ' -aminosulf onyl- [1, 1 • ) -biphenyl -4 -yl) methyl] -4- 
carboisopropoxy-5- (3 -amidinophenyl) isoxazolidine;. and, 

15 

trans-2- [ <2 ' -aminosulf onyl - [1, 1 ■ ] -biphenyl- 4 -yl) methyl] -4- 
methoxymethyl-5- (3 -amidinophenyl) isoxazolidine. 



20 8. A compound according to Claim 1, wherein the 

compound is of formula lb: 



R 




lb 

25 or a stereoisomer or pharmaceutically acceptable salt form 
thereof . 

9. A compound according to Claim 8, wherein; 

30 

one of D and D' is C(=NR 7 )NH 2 and the other is H; 
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B is selected from: 
X-Y, NR 2 R 2a , 

benzyl substituted with 0-2 R 4a , 

C3-10 carbocyclic residue substituted with 0-2 R 4a , and 
5-10 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, 0, and 
S substituted with 0-2 R 4 , provided that B is other than 
tetrazol-5-yl; 



10 



X is selected from C1-4 alkylene, -0(0)-, -C (0)CR 2 R 2a -, 

-CR 2 R 2a C(0), -C<0)0-, -0C(0)-, -S(0) p -, -S (0) p CR 2 R 2a - , 
-CR 2 R 2a S(0) p -, -S<0) 2 NR 2 -, -NR 2 S(0) 2 -, -C(0)NR 2 -, 
-NR 2 C(0)-, -NR 2 - , -NR 2 CR 2 R 2a - , -CR 2 R 2a NR 2 -, 0, -CR 2 R 2a O- , 
15 and -OCR 2 R 2a -; 

R 4 is selected from OH, (CH 2 ) r 0R 2 , halo, C1-4 alkyl, CN, N0 2 , 
(CH 2 ) r NR 2 R 2a , (CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (0) NR 2 R 2a , 
CH<=NH)NH 2 , NHC(=NH)NH 2/ S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 - 
20 C3.-4 alkyl, S(0) p R la , and CF 3 ; 

R 4a is selected from OH, halo, C1-4 alkyl, N0 2 , (CH 2 ) r NR 2 R 2a , 
(CH 2 ) r C(0)R 2 , NR 2 C(0)R 2a , NR 2 C (O) NR 2 R 2a , CH(=NH)NH 2 , 
NHC ( =NH) NH 2 , S0 2 NR 2 R 2a , NR 2 S0 2 NR 2 R 2a , NR 2 S0 2 -Ci- 4 alkyl, 
25 S(0) p R la , and CF 3 ; and, 

n is selected from 0 and 1. 



30 10. A compound according to Claim 9, wherein the 

compound is of formula Ila: 
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R 




Ila 

or a stereoisomer or pharmaceutical ly acceptable salt form 
thereof , wherein ; 

5 

R is selected from CO2R 1 , COR 1 , OR 1 , CONR 2 R 2a , S(0) p R la ,and 
S(0)pNR 2 R 2a ; 

R 1 and R la are independently selected from: 
10 C1-4 alkyl substituted with 0-1 R 3 , 

C3-6 carbocyclic residue substituted with 0-2 R 4 , and 
5-6 membered heterocyclic system containing from 1-4 
heteroatoms selected from the group consisting of N, O, 
and S substituted with 0-2 R 4 ; 

15 

X is selected from C1-4 alkylene, -C(O)-, -S(0) p -, -NR 2 -, and 
0; and, 

m is selected from 0 and 1. 

20 

11. A compound according to Claim 10, wherein; 
R is selected from CO2R 1 , COR 1 , OR 1 , and CONR 2 R 2a ; 

25 

R 1 and R la are independently selected from: 
C1-4 alkyl substituted with 0-1 R 3 , and 
C3-6 carbocyclic residue substituted with 0-2 R 4 ; and, 

30 R 2 and R 2a may be taken together to form a 5 or 6 membered 
ring substituted with 0-2 R 4 . 
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12. A compound according to Claim 11, wherein; 

5 R 1 and R la are independently selected from C1-4 alkyl 
substituted with 0-1 R 3 ; 

R 3 is phenyl substituted with 0-2 R 4 ; and, 
10 Y is a C3-10 carbocyclic residue substituted with 0-2 R 4 . 

13. A compound according to Claim 12, wherein the 
compound or pharmaceutically acceptable salt form thereof is 

15 selected from the group consisting of: 

trans-1- (methylsulfonyl) -3- ( [2 1 -aminosulf onyl- [1 , 1 1 ] - 
biphenyl -4 -yl) aminocarbonyl) -4- (3 -amidinophenyl) pyrrolidine; 

20 trans-1- (methylsulfonyl) -3- ( [2 1 - tert-butylaminosulf onyl- 
[1,1'] -biphenyl - 4 -yl ) aminocarbonyl ) -4 - ( 3 - 
amidinophenyl ) pyrrolidine ; 

cis-1- (methylsulfonyl) -3- ( [2 ' -aminosulf onyl- [1, 1 ' ] -biphenyl- 
25 4-yl ) aminocarbonyl ) -4 - ( 3 -amidinophenyl ) pyrrolidine ; 

trans-1- (methylsulfonyl) -3- [ [5- (2 ' -aminosulf onylphenyl - 1- 
yl ) pyridin- 2 -yl ] aminocarbonyl ] -4 -( 3 - 
amidinophenyl ) pyrrolidine ; 

30 

trans-1- (methylsulfonyl) -3- [ [5- (2 1 - tert- 
butylaminosulf ony lphenyl - 1-yl) pyridin- 2 -yl] aminocarbonyl] -4- 
( 3 -amidinophenyl ) pyrrolidine ; 

35 1- (methylsulfonyl) -3- ( [2 ' -aminosulf onyl- [1, 1 1 ] -biphenyl-4- 
yl ) aminocarbonyl ) -4- { 3 -amidinophenyl ) -A 3 -pyrrol ine; 
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1- (benzyl) -3- ( [2 1 -aminosulf onyl- [1, 1 ' ] -biphenyl-4- 
yl)aminocarbonyl)-4- (3-amidinophenyl) -A 3 -pyrrol ine; 

trans-1- (methylsulf onyl) -3- ( [2 » -aminosulf onyl- [1, 1 ' ) - 
5 biphenyl-4-yl)methylcarbonyl) -4- (3- 
amidinophenyl ) pyrrol idine . 

14. A pharmaceutical composition, comprising: a 
pharmaceutically acceptable carrier and a therapeutically 

10 effective amount of a compound according to Claim 1 or a 
pharmaceutically acceptable salt thereof. 

15. A pharmaceutical composition, comprising: a 
pharmaceutically acceptable carrier and a therapeutically 

15 effective amount of a compound according to Claim 2 or a 
pharmaceutically acceptable salt thereof. 

16. A pharmaceutical composition, comprising: a 
pharmaceutically acceptable carrier and a therapeutically 

20 effective amount of a compound according to Claim 8 or a 
pharmaceutically acceptable salt thereof. 

17 . A method for treating or preventing a 
thromboembolic disorder, comprising: administering to a 

25 patient in need thereof a therapeutically effective amount 
of a compound according to Claim 1 or a pharmaceutically 
acceptable salt thereof. 

18. A method for treating or preventing a 

30 thromboembolic disorder, comprising: administering to a 
patient in need thereof a therapeutically effective amount 
of a compound according to Claim 2 or a pharmaceutically 
acceptable salt thereof. 

35 19. A method for treating or preventing a 

thromboembolic disorder, comprising: administering to a 
patient in need thereof a therapeutically effective amount 
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acceptable salt thereof. 
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